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PREFACE

THIS little book is written with the hope of

encouraging the study of science in the classes

of the Workers' Educational Association. In

spite of some splendid successes—^notably the biology

classes of Mr. Norman Walker in the Yorkshire district

—

science does not receive its full share of attention. Science

is the characteristic product of modern thought in the

realm of pure learning ; and yet there is a danger that

the W. E. A., which stands for new ideas, wiU become
the last stronghold of the reactionary doctrine that

science and culture are antagonistic.

Accordingly, my object has been to explain what are

the aims and objects of science and what kind of satis-

faction can be derived from its study. I have tried to

draw attention to those aspects of its more abstruse

departments that may be expected to appeal to men
and women of wide intellectual sympathies. The book
does not pretend to be " popular " or to provide an easy

hour's reading ; for all experience shows that mere
difficulties of thought are no bar to success in adult

education ; the enthusiasm of a leader is all that is

necessary to sustain interest. No writer can hope to

get into as close touch with his readers as a speaker with

his audience, and unless leaders can be found to treat

science in the spirit suggested, my efforts must necessarily

fail. But perhaps my efforts will help some who would

not otherwise have undertaken the task.

Since I have no object but to lead readers to the

systematic study of some special branch of science, and
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do not desire that they should confine their attention

to the generalities with which this book is concerned,

no references are given to more detailed works covering

the same ground. But perhaps it should be remarked

that the subjects discussed, though concerned with

science, are not part of science ; and that, accordingly,

there is much more difference of opinion about some of

them than there would be about subjects more strictly

scientific. Since it is my object to arouse interest

rather than to convey information, I have not hesitated

sometimes to assert dogmatically what others, equally

qualified to judge, would vehemently deny.
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WHAT IS SCIENCE?

CHAPTER I

THE TWO ASPECTS OF SCIENCE

HERE are two forms or aspects of science.

. First, science is a body of useful and practical
*" knowledge and a method of obtaining it. It is

science of this form which played so large a part in the

destruction of war and, it is claimed, should play an
equally large part in the beneficent restoration of peace.

It can work for good or for evil. If practical science

made possible gas warfare, it was also the means of

countering its horrors. If it was largely responsible for

the evils of the industrial revolution, it has already cured

many of them by decreasing the expenditure of labour

and time that are necessary for the satisfaction of our

material needs. In its second form or aspect, science

has nothing to do with practical Ufe and cannot affect

it, except in the most indirect manner, either for good or

for ill. Science of this form is a pure intellectual study.

It is akin to painting, sculpture, or literature rather than

to the techijical arts. Its aim is to satisfy the needs of

the mind and not those of the body ; it appeals to nothing

but the disinterested curiosity of mankind.

The two forms, practical and pure science, are probably

familiar to everyone ; for the necessity for both of them
is often pressed on the public attention. There is some-

times opposition between their devotees. Students of

pure science denounce those who insist on its practical

value as base-minded materialists, blind to all the higher

issues of life ; in their turn they are denounced as
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academic and unpractical dreamers, ignorant of all the

real needs of the world. If the two forms of science were

really inconsistent with each other, both sides could

present a strong case. Few would deny that, in some
sense, intellectual interests are higher and more noble

than material interests ; for it is in the possession of

intellectual interests that we differ from the brutes.

Indeed, it may be urged that the only reason why men
should care for their material interests, or why they should

care to obtain anything but mere freedom from the pains

of cold and starvation, is that they may have the leisiare

and the freedom from care necessary to cultivate their

minds. All but the most base must have respect, if not

S37mpathy, for those who prefer to live laborious days in

the pursuit of pure learning rather than to devote their

energies to the attainment of personal wealth and ease.'

But to press this point of view is to misrepresent the

issue. More than the interests of the student himself

are involved ; and though the benefits of pure and
abstract science may be higher than those of practical

and useful science, they are much less widely distributed.

It is only a small minority of mankind who can hope to

share the former; few have the mental equipment
necessary for the fuU enjosonent of the quest and dis-

covery of pure knowledge ; and of these few not aU are
able to undertake the long and strenuous training that
is a necessary preliminary to full enjoyment. On the
other hand the benefits of practical science might be
shared—even if they are not shared in oiu: present
society—by ahnost every one ; the vast majority do not
possess the freedom from material cares necessary for

the full development of their higher interests; and if

practical science can so facilitate the satisfaction of
material needs as greatly to increase the number who
have that freedom, its value, even if judged by the least
material and the most academic standards, may be in no
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way inferior to that of the purest and most abstract

learning.

However, to-day it is probably unnecessary to pursue

such argximents. For it is now generally recognized that

the two forms of science, whatever may be their relative

value, are in fact inseparable. The practical man is

coming to understand that the earnest pursuit of pure

science is necessary to the development of its practical

utility, though he may sometimes have strange notions

of how that pursuit may best be encouraged. And
academic students are finding that the problems of practi-

cal science often offer the best incentive to the study of

pure science, and that knowledge need not be intellectually

uninteresting because it is commercially useful. In a

later chapter we' shall consider in rather greater detail

what is the relation between pure and practical science

and why they are so inseparable ; but it is well to insist

at the outset upon their close connexion. For the

distinction between the two has undoubtedly discouraged

the study of science among the W.E.A. classes for which

this little book is intended primarily. Those who are

more familiar with the practical aspect are apt to think

that the study of science can be nothing but a disguise

for technical and vocational education ; while others

think that anything so entirely abstract as pure science

can have no bearing on the practical problems of society

in which they are more directly interested. Both views

are entirely mistaken ; the study of science need be no

more " technical " than the study of music, and, on the

other hand, it may be quite as practical as that of

political economy.

Nevertheless, though pure and practical science are

inseparable and merely different aspects' of the same

study, it is necessary to remember the difference between

them. And I want to point out here, once and for all,

that what we are going to study directly is pure science

;
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that the motive of our study is supposed to be intellectual

curiosity without any ulterior end ; and that our criterion

will be always the satisfaction of our intellectual needs

and not the interests of practical life. This procedure

would be necessary even if our ultimate concern were

rather with practical science. For it is only if we under-

stand the nature of pure science that we can interpret

with confidence the knowledge that it offers and apply

it rightly to practical problems. Science, like everything

else, has its limitations ; there are problems, even

practical problems, on which science can offer no advice

whatever. One of the greatest hindrances to the proper

application of science to the needs of the community lies

in a failure to realize those Umitations ; if science is

sometimes ignored, it is often because it has been dis-

credited by an attempt to extend it to regions far beyond
its legitimate province.

But it may be said, if the appreciation of pure science

must always be confined to a few serious students, what
is the use of such an attempt as this to make it intelligible

to the plain man ? The answer is simple : I only said

that the full appreciation must be so confined. Nobody
can appreciate good music to the fuU unless he has
trained himself by careful study, yet most of us can get

some value from a concert ; perhaps we get more actual

enjojonent than a skilled musician. It is just the same
with science. Indeed, there is little doubt that science

is the easiest of the branches of pure learning for the

amateur. It is quite common to find men of high
intellectual gifts and not without learning, who are

perfectly incapable of understanding what mathematics
or philosophy is all about, why anybody should ask such
absurd questions and how they think anyone is the
better for the answers they give. A similar complete
indifference to science is not common ; almost every
one can be made to imderstand what science is
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about, and almost every one derives some satisfaction

from the answers which it offers. This: wider appeal
is often attributed to the practical interest of science,

but that explanation cannot be the whole truth ; for

some scientific doctrines, such as ,the Copernican theory

and the theory of evolution, have convulsed society

without having the smallest effect on anybody's

material comfort. The true reason is easy enough to

discover, but its complete discovery would answer most
of the questions which we are going to ask.

THE DEVELOPMENT OF PURE LEARNING

The main question which this book is designed to

answer may be expressed simply : What is Science ?

We have already answered it partly in sa3dng that science

is a branch of pure learning which aims at intellectual

satisfaction. But it is not the only branch, and we must
ask next what it is that distinguishes science from other

branches. Is the distinction in the subject-matter that

it studies, or in the manner in which it studies it, or both

together, or, possibly, something quite different ? The
formal answer that I propose to give could be given at

once and quite briefly, but since at first sight it might

not appear plausible or even intelligible, we shall do

better to lead up to it more gradually.

All branches of pure learning spring from a common
stock. We generally think of "pure learning " as some-

thing pecuHarly characteristic of the highest state of

civiUzation and as something which could develop only

when man ha:d advanced a very long way from savagery.

But as a matter of fact the instinct which inspires pure

learning is one of the oldest and the most primitive

;

man begins to seek answers to the riddles which still

perplex the most abstruse of philosophers before he

begins to wear clothes or to use metal implements.
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Whether we regard the childhood of the race or of the

individual, we find that, as soon as man begins to think

at all, he utters his perpetual question. Why ? The world

around him does not appear to him immediately intel-

Hgible ; it seems to have no meaning and to be arranged

on no comprehensible plan. He asks how the world

came to be what it is and why it is what it is. To such

questions, inspired in the first place by mere curiosity

rather than by a desire to control the world to his Uking,

answers of some sort are given by the most elementary

reUgions and the crudest systems of magic. Some form

of religion or magic, which attempts to explain the world

in terms of ideas that are the product of thought and

reflection rather than of immediate perception, seems

characteristic of almost aU races of men, however low their

intelligence and their material advancement.

It is, of course, impossible to determine certainly

whether these rudimentary attempts at pure knowledge,

which are found among the less developed races of to-day,

represent different stages in an evolution through which

aU men's ideas have passed and must pass, or whether

they are entirely independent. And in particular it is

impossible to trace back the history of our own pure

knowledge to its earUest origins. But we can trace it

back a very long way to the speculations of the ancient

Greeks in the third and fotirth centuries before our era.

Greek thought, in the earliest stage in which we encounter

it, is very different from the primitive reUgions and magics

of savages ; but classical scholars find in it rehcs which
lead them to beheve that its first origins were not very
different from the ideas of the most backward races of

the present day. But in spite of these reUcs, the advance
that was made in the great Age of Greece was enormous.
It has largely determined all subsequent European
thought ; and it is not too much to say that there was
less advance made in pure learning in the 2,000 years
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from 300 B.C. to A.D. 1700, than in the 200 years from
500 B.C. to 300 B.C. All speculation on the nature and
meaning of the world throughout the Roman Age of

civilization, through the Dark Ages and through the

Mediaeval Age, drew its inspiration directly from the

Greek philosophers, and especially from Aristotle ; it is

not until the Renaissance is well advanced that a new
stream enters from a wholly independent source. And
even to-day, when there is no school of thought which
maintains the Greek tradition in anj^hing approaching

purity, its influence is still potent. Its effect upon
language is still most evident ; we cannot speak upon
any abstract subject, or express any general idea, without

using words which are either Greek or direct Latin

translations of Greek words. And since words are an
indispensable instrument of thought, in using Greek
words we are bound to be influenced to some extent by
Greek ideas.

Now Greek learning formed a single whole. To-day
we distinguish many branches of learning—^mathematics,

science, philosophy, history, and so on. But this division

is quite modem ; Greek thought made hardly any dis-

tinction between them. (Perhaps an exception should

be made of history, and also of the study of languages
;

the Greeks did not study languages ; they knew none

but their own.) Even at the beginning of the nineteenth

century, all learning was called philosophy or (less

frequently) science, and a man was called a philosopher

even if he studied what we should now call mathematics

or science. Until well on in that century the universities

recognized only one form of study as a means to a degree,

and that form included a little of most of the forms recog-

nized, and sharply divided, at the present day. The
reason is not to be found simply in the smaller body of

knowledge at that time, so that one mind could grasp aU

that was known ; there was a real absence of distinction
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between what are now regarded as different kinds of

knowledge. Our ancestors would have strenuously

denied that a great mathematician could be ignorant of

philosophy or a great philosopher ignorant of science.

One of the widest differences between modern and

ancient thought is the recognition that there are inde-

pendent systems of thought and independent bodies of

knowledge, and that errors in one branch are not

necessarily accompanied by errors in another.

SCIENCE AND OTHER STUDIES

Of course the branches into which pure learning has

separated have been changed greatly since, and in virtue

of, their separation. None has been more affected in

this manner than science ; the great development of

science of the last century is intimately connected with

its divorce from philosophy. And the changes are

so great that it is perhaps hardly right to regard the

science of to-day as the same thing as the science which
was not distinguished from other studies in Greek and
mediaeval thought. Nevertheless this discussion, has not

been irrelevant ; for it reminds us that science, like all

other attempts to satisfy the curiosity of man, has its

ultimate roots in the simplest and most instinctive

speculations. It shows us also that, however distinct

from all other kinds of pure learning the science of to-day
may appear, the exact Hne of division and the exact

criterion are hkely to be difficult to lay down ; a dis-

tinction that was overlooked for 2,000 years is not Hkely
to be discoverable by a casual inspection. Again it

suggests that, since the separation of science has taken
place in times so recent, one way to discover the dis-

tinction may be to inquire into its history of the word.
This history is quite simple. When it was recognized

that the studies which now form part of science required
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a separate name, they were called " natural philosophy
"

in distinction to " moral philosophy "
; and they were

also called " natural science " in distinction to " moral
science "

; for at that time " philosophy " and " science
"

had practically the same meaning and were used inter-

changeably, although the former was the commoner.
All these expressions survive ; at the older universities

a professor of natural philosophy is indistinguishable

from a professor of physics or chemistry ; and " moral

science " is a common name for what is more usually

called philosophy. That " natural philosophy " has

become almost obsolete while " natural science " sur-

vives, is due partly to the inexplicable vagaries of language

which determine, apparently at random, which of two
synonyms is to die out ; but it is also partly due to the

fact that the older branches of learning from which the

students of science desired to separate themselves were

more often known as philosophy than as science. Again

the " natural " has been dropped, and only the " science
"

retained, partly by mere abbreviation (just as " omnibus
"

has been changed into " bus "), and partly because

students of science were by no means averse from hearing

their study called " science " without any quahfication
;

for " science " is simply the Latin for " knowledge," and
the impUcation that all that is not science is not know-

ledge, naturally flattered their vanity. And it is impor-

tant to remember this history. For the older and

more general use of the word to mean pure knowledge

in general, or indeed any kind of knowledge, has not

vanished ; and we must be on our guard against imagin-

ing that everything to which the words " science " and
" scientific " are attached to-day have anything more to

do with natural science than with any other kind of

knowledge. When a journahst speaks of a " scientific

batsman " he merely means that he is skilful and does

not imply that he is learned in physics or astronomy.



10 AVHAT IS SCIENCE?

Here no doubt the more general use is clearly distinguished

from the more special, but some misunderstandings about

the science that we are going to consider probably arise

from this double use of the word.

SCIENCE AND NATURE

But why were these special branches of learning called

" natural " ? Not because they were more natural, in

the conversational sense, than any other, or even in the

Shakespearean sense (which means idiotic) ; but because

they- were regarded as being especially concerned with

nature. And what is meant by " nature," and how
is science especially concerned with it ? The term
" nature " has never been used in a very precise sense

capable of accurate definition, but it seems generally

to be employed in contradistinction to man ; nature,

we may say roughly, is everything in the world that is

not human. Nature is regarded as the antagonist of

man, the obstacle which he has to overcome and the

enemy he has to fight, although he may sometimes turn

the enemy into a friend by judicious action. This idea

will be found, I think, to underlie most uses of the word.

It is true that sometimes, and more particularly in the

middle of the last century, m-an has been regarded as

part of nature ; for instance, one of Huxley's best-known

books is called " Man's Place in Nature "
; but the view

that man was part of nature was felt to be rather hetero-

dox and startling, an overthrowing of many preconceived

beliefs ; indeed, the phrase was used by Huxley largely

in order to challenge accepted opinion.

Again, the opposition of nature and man is reflected

in the terms used to distinguish the branches of pmre

learning which were most clearly separated from science.

They were termed " moral " philosophy or science. Now
" morals," even in the very general sense attributed to
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the term when used in this connexion, are particularly

human. Common sense divides the world into three

great divisions—^man, animals and plants (or hving beings

other than man), and inanimate objects. To the third

division the idea of morals is clearly inapplicable, whether
it refers to all mental processes or more particularly to

right conduct ; and it is applicable only in a very limited

degree to the second ; the first is its proper province.

The distinction between natural and moral philosophy

suggests at once that the latter is concerned especially

with man and his ways ; the former with everything

that is foreign and external to man. Nature means
practically the part of the world which man regards as

external to himself.

Accordingly it is suggested that science should be

defined as that branch of pure learning which is concerned

with the properties of the external world of nature. Its

business is to find out accurately what those properties

are, to interpret them, and to make them intelligible to

man ; the intellectual satisfaction at which it aims

would be secured completely if this external world could

be reduced to order and be shown to be directed by
principles which are in harmony with our intellectual

and moral desires. On the other hand, science will not,

on this view, be concerned with anything distinctively

human ; it will not consider human thoughts and actions,

ask what those thoughts and actions are, or examine and
criticize them. And this suggested definition of science

would probably have been accepted very generally

at the time when science was first distinguished from

other branches of learning under the name of natural

philosophy. Nevertheless, there are difficulties in

accepting it. For, according to the view that has

'been put forward, all pure learning arose ultimately

from man's desire to understand the world ; it was

his opposition to the external world of nature
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that started his inquiry and his search for explana-

tion. If, then, it is this external world which is the

special province of science, we should expect to find that

learning would become more distinctively scientific (in

the modern sense) as we trace it back through the ages,

and that branches, other than science, which are now

separated from the common stem, would appear at only

a relatively late stage in the growth. Actually, of course,

we find exactly the opposite ; what is now recognized

as science, as the study of natiure and the external world,

is the youngest and not the oldest of the departments

of pure learning. Again, there are undoubtedly studies,

usually accepted as sciences, which specifically deal with

man and not with the external world which is contrasted

with him ;
psychology and anthropology are examples ;

how are they consistent with the view that science is

characteristically non-human ? Lastly, it is generally

recognized to-day that science differs from other branches,

not only in the subject-matter that it studies, but also

in the manner in which it deals with this subject-matter.

Even if we could define the subject-matter of science as

being the external world of nature, we should stiU be

left with the inquiry, which is really more interesting,

why the difference in the subject-matter involves so great

a difference in the attitude towards it.

SCIENCE OR SCIENCES ?

These difficulties show that we cannot obtain the

answer that we require to our question. What is Science ?

by simply accepting the answer that might have been
given a hundred years ago. On the other hand, it is

indubitable that this answer is part of the truth. To
that inquiry we shall proceed in the next chapter, and
with it shall start the serious part of our discussion.

But before we proceed, we shall do well to consider very
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briefly one other matter which belongs properly to this

preliminary stage. Are we right to speak at all of
" science " ? Every one knows to-day that there is not
one science but many. Physics, chemistry, astronomy,
geology, zoology, botany, physiology, psychology, and so

on, although all called " sciences," seem to be branches

of knowledge almost as separate as any science is from
philosophy. A chemist may be as ignorant of botany
as a philosopher of mathematics. Can we say anything
that is true of all these sciences and is not equally true

of mathematics or philosophy ? Well, that is one of the

questions that we have to answer, and our answer will

be affirmative ; we shall lay down a criterion which
appears to distinguish all sciences from any other branch
of pure learning. But a word may be said here about
the relations of the diiferent sciences.

The division between them corresponds in part to the

crude common-sense division of the external world of

nature. Thus we find some sciences (zoology, botany,

physiology) dealing with living beings and others (physics

and chemistry) with inanimate " matter." Further we
can distinguish sciences which deal with particular

objects from those which deal with the common sub-

stratum of objects. Thus geology deals with one parti-

cular object, the earth; and astronomy with other

particular objects, the stars ; zoology and botany

consider particular animals and plants. On the other

hand physics and chemistry deal with the substances

of which all particular material objects are composed
;

physiology with the functions common to all Uving

beings. So far the divisions between the sciences lie

along the lines that we should expect if science is the

study of the world -of nature. But such divisions can

only be made very roughly. The province that is actually

regarded to-day as belonging to each science is very

largely the result of historical accident ; one line of
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inquiry leads to another, and a new line of inquiry is

often assigned to the science that was the particular

study of the first investigator of that line, without

discussion whether the allocation can be justified on any

formal principle.

Such considerations clearly justify the view that

science is a single whole and that the divisions between

its branches are largely conventional and devoid of

ulterior significance. But, though science may be really

one, its range and complexity to-day is so great that

the most learned of mankind cannot profess to a serious

knowledge of any but a very small part of it. And
therefore perhaps I ought to justify and explain my
temerity in writing of science in general. I should point

out that physics is the only sciente of which I profess

an expert's knowledge, and that the discussion is bound

to be directed from the standpoint of a student of that

science. But it is generally admitted that physics is in

some sense more fundamental than any other science,

and that the results of physics constitute, in some sense,

the starting point of other sciences. Why there should

be that relation is a matter for subsequent inquiry ; but

the admitted fact of the relation makes it certain that,

if we decide what is physics, what is its fimdamental

subject-matter and its method of dealing with it, we
shall have gone a long way towards answering similar

questions which may be raised concerning any other

branch of science.

However, there is one question which should be noted

here. The examples of the various sciences that have
been given include none of the studies that lie on the

border Hne. Every one is prepared to grant that botany
and chemistry and physics are properly called sciences,

though there may be some doubt exactly what they have
in common ; but there are two studies of wide interest

the claims of which to be sciences are not universally



THE TWO ASPECTS OF SCIENCE 15

admitted. I refer to history and economics. The
judgment on these claims cannot, of course, be properly

passed until our inquiry into the characteristics of science

are further advanced ; but it will be convenient to antici-

pate some of our conclusions in order to dismiss the

matter. When he has read the two following chapters,

the reader should consider the question for himself.

The view to which I incline is that history cannot be

usefuUy grouped with the characteristic sciences, and the

reason will appear at once in Chapter III. The main
concern of history is not with laws, but with particular

events. The decision concerning economics is more

difficult. A civUized community is part of " nature
"

and there is no reason for thinking that such a com-

munity may not be subject to laws in the scientific sense.

But I have very grave doubt whether any economic
" laws" hitherto enunciated are laws in that sense ; and

the basis of my doubt will appear in the next chapter.

Economics might be, and some day may be, a science

;

but at present it is not. That is my opinion ; but as I

profess no special knowledge of economics, it may easily

be wrong. But I think it is certain that economics,

whether or no it is a science, is so different from those

that we are going to consider that it would be rash to

apply to it any of the conclusions that we shall reach.



CHAPTER II

SCIENCE AND NATURE

WHY DO WE BELIEVE IN AN EXTERNAL WORLD ?

HOW do we come to have any knowledge at all

of the external world of nature ? The answer

is obvious. We learn about the external world

through our senses, the senses of sight, hearing, and
touch, and, to a less degree, those of taste and smell.

Everything that we know about the external world

comes to us from this source ; if we could neither see,

hear, nor feel, we should know nothing of what was
going on round about us, we should not even know that

there was anything going on round about us ; we probably

should not even form the idea that there is such a thing

as the external world.

So much is clear and indubitable. But now we have

to ask a much more difficult question, and one concerning

which there has been much more difference of opinion.

Why do we regard our senses as giving us knowledge of

the external world ? Every one agrees that if we have

any knowledge of such a world, it is derived from what
we see, hear, and feel, and not from any other source ;

but it is quite possible to doubt that what we see, hear,

and feel, does really give us that knowledge, or that we
are right in interpreting the evidence which we derive

from our senses in the manner in which we do habitually

interpret it. It is rather difficult for those who are

unfamiliar with the controversies that have raged round

this matter to grasp the position of those who express

such doubts ; it seems to us so obvious that when we
hear a noise or see an object we are perceiving something

external to ourselves. And the difficulty of grasping

i6
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the position is intensified because all our habitual language

is based on the assumption that there is an external

world which we perceive. For instance, when I want
to call attention to the sensation of sound, I can only say

that " I hear a noise " ; but the very form of the words
which have to be used to convey my meaning imply that

the "noise" is something different from the "I," who
hears it. Nevertheless it is necessary to try to under-

stand how such doubts can be put forward.

They are based on the fact that the experience of

seeing an object or hearing a sound is an event which

takes place in my mind ; it is a kind of thought—if we
use the word " thought " to mean anything that goes

on in my mind. That fact is expressed when it is said

that " I " hear the noise. Though the noise may be the

same, the fact that " I " hear it is different from the fact

that "you" hear it; the first fact is something that

happens in "my" mind, the second something that happens

in " your" mind. The noise, or the thing that causes the

noise, may be something in the world of nature, external

to both you and me ; but the hearing of the noise, which

is the fact on which you and I base the conclusion that

there is a noise or that there is an external object making

a noise, that hearing is not something external ; it is

something internal to you or to me, according as you or

I hear it. This view, that the perception of an external

object is something internal to the person who perceives

it, is as much part of the common-sense attitude towards

the matter as the view that the perception gives evidence

of an external object.

But now we may argue thus. It is agreed that the

perception of an external object is something internal to

the perceiver ; it is one of the thoughts, or the mental

events, of the perceiver. On the other hand we do not

regard all thoughts of a perceiver as giving evidence of

an external world ; there are also thoughts which are
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purely internal and totally unrelated to the external

world. Indeed, it is such thoughts which give rise to

the idea of a perceiver who perceives the external world.

For I regard aU my perceptions as "my" perceptions,

because they are all connected together by thoughts of

other kinds. Thus I can remember my perceptions and

call them to mind ; I can think about them and compare

one with another ; I can judge that they are pleasant

or unpleasant and desire that some and not others should

recur. These thoughts about my perceptions I regard

as characteristically internal to me ; they are just the

things which make up " me "
; once more, it is these

thoughts about my perceptions which make me regard

them as " my " perceptions. It is very difficult to convey

these sentiments in words, just because, as has been said

already, aU words assume these sentiments. But I hope

that any reader who considers the matter wiU agree that

the conception of an external world, which I perceive,

is founded as much on the idea that there are thoughts

which are wholly part of me, and have nothing to do
with the external world, as on the idea that there are

other thoughts which, though they are also part of me,
are intimately connected with the external world, and
inform me of that world.

If this view can be grasped, the basis of the doubts

that we are considering becomes clear. Some of my
thoughts I regard as wholly internal ; others, forming

the special class of sensations or perceptions received

through the organs of sense, I regard as rather part of

the external world. Why, it may be asked relevantly,

do I make this distinction ? If it is necessary to regard

some of my thoughts as wholly internal and giving

evidence about me and not about the external world,

why do I not so regard all my thoughts ? If one class

of my thoughts does not give any information about an
external world or even any evidence that there is such
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a world, why do I regard another class as giving such
information and evidence ? Is it not at least reasonable

to regard all thoughts in the same way, and to dispense

altogether with the recognition of an external world as

the cause of some of my thoughts ?

No serious school of thought has seriously maintained
the position indicated in these questions. Indeed, to

maintain it or to argue about it would be impossible, or

extremely foolish, for anyone who believed it. For

—

we shall revert to this point in a moment—if there is no
reason for believing in an external world, there is no
reason in believing that there are other people with
whom to argue or against whom to maintain a position.

The view that has been based on the contention that

sensations are only thoughts, and therefore, like all other

thoughts, internal rather than external, is not that

sensations give no evidence at all for believing that there

is an external world, but only that the information which

we derive from our senses about the external world is

not so simple and direct as we often imagine, and conse-

quently, that our first impressions about the external

world may be very far from the truth. However, for

our purpose it is necessary to press the more extreme

view, and to ask why we distinguish so sharply between

sensations and other thoughts, and why we regard the

former and not the latter as giving evidence of, and
information about, an external world. In pressing the

view, I have, of course, no intention of maintaining that

our habitual distinction is not valid ; I only want to

elicit what is the difference between the two classes of

thoughts which makes it valid. Our question is. What
is the difference between the thoughts which we call

sensations, and connect with our organs of sense, and

the thoughts which we call memory, or reasoning, or

will ; and why does this difference lead us to refer the

first class, but not the second, to an external world ?
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THE CHARACTERISTICS OF SENSE-PERCEPTIONS

; There are two such differences. In the first place, our

[
sensations are much less under our control than are our

,
other thoughts ; in the second place, other people agree

1 with us in our sensations far more than they agree with

us in our other thoughts. That is, in brief, the answer

which I propose to give to the question ; it must now
be explained and expanded.

The first distinction is that our sensations are less

under our control than om: thoughts. They are not

wholly beyond our control ; for, if I close my eyes, I

can refuse to see, and if I do not put out my hand, I can

often refuse to feel. But if I do look at an object it is

wholly beyond my control whether I see that it is red

or see that it is blue ; and if I put my hand into the fire

I cannot help feeling that it is hot and not cold. On
the other hand, thoughts, other than sensations, are not

wholly under control ; I cannot always remember what
I want to, and I cannot always keep my attention on

my work ; even my will is sometimes not under control,

and I may feel that there is a conflict \vithin me. But,

though in this matter our sensations and our other

thoughts may differ in degree rather than in kind, it will

probably be recognized that there is this difference, and
that it is part of the reason why we feel that our sensa-

tions are intimately connected with something external

and do not take their origin wholly within ourselves.

For what is not under my control is not really part of

me ; what I mean by " me " or " myself " is simply

what is under the control of my will ; my will is myself.

(Of course this is one of the statements which it is

impossible to express accurately in language which
assumes the position which is imder discussion.) I

recognize this fact most clearly in those curious cases

when there is an internal conflict of will, and when " my "
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will seems divided against itself ; I then speak of the

antagonistic wills as if they were those of two different

persons. If I act in a way which is contrary to my
normal will, I say that " I was not myself." This feeling

that " I " am practically indistinguishable from my will,

and that what is not subject to my will is not me, is

undoubtedly one of the main reasons for referring sensa-

tions, which are often wholly independent of my will,

to a foreign and external world. It has also, as we shall

see, a bearing on the second and more important difference

between sensations and other thoughts, to which we must
turn next.

This second difference is that other people agree with

me much more closely about sensations than they do
about any other kind of thought. The fact, expressed

in that manner, is extremely familiar. If I am in a room
when the electric light bulb bursts, not only I, but every-

one else in the room (unless some of them are blind or

deaf), hears the explosion and experiences the change

from light to darkness. On the other hand, apart from

sensations, we may all have been thinking about different

things, remembering different things, following different

trains of reasoning, and experiencing different desires.

This community of sensations, contrasted with the

particularity of other kinds of thoughts, leads naturally

to the view that the sensations are determined by some-

thing that is not me or you or anybody else in the room,

but is something external to us all ; while the other

thoughts, which we do not share, are parts of the

particular person, experiencing them. This simple ex-

perience is probably the main reason why we have come
to believe so firmly that there is an external world and

that our perceptions received by our senses give us

information about it.

For this is the test which we apply in practice when any

doubt arises if we are experiencing sensations which give
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information about the external world. In general we
have not the slightest difficulty in distinguishing such

sensations from other thoughts and other mental events ;

but there are exceptions to the general rule. Thus when

we awake from a very vivid dream there is often a con-

siderable interval in which we are not sure whether our

dream experiences were real ; we have been experiencing

perceptions so very like the sensations which tell us about

the external world that, if we were left to judge solely

on the basis of their mental quality, we should probably

think they were sensations and gave us information

about the external world. Doubtless we have all had so

many dreams and are so well aware of the circumstances

in which they are likely to occur that a very brief reflec-

tion is usually sufficient to enable us to decide whether

we were dreaming or were really hearing or seeing some-

thing. Nevertheless doubtful cases do arise ; and, when
they do arise, what do we regard as a certain test to

decide the matter ?
' Surely the test is whether anyone

else has had the same experience. If we suddenly awake
imagining that we have heard a banging at the front

door, and if there is somebody else in the room who
shows no sign of having heard anything, we conclude

at once that we were dreaming. But, if somebody else

also heard the noise, we have no further doubt that ours

was a real sensation.

In the same way, but less frequently, people are some-
times subject to hallucinations when awake. If some-

body tells us that he has seen a transparent old gentleman
clanking chains about the passages and carrying his

head under his arm, our disposition to believe that he
has seen a ghost will doubtless depend largely upon our
attitude to the general question of the existence of

ghosts. But, whatever that attitude may be, our belief

would be enormously strengthened if we found that

other people present at the same time and place had
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experienced the same sensations. In fact, a very little

reflection will show that our recognition of the possibility

of dreams and hallucinations is based almost entirely on
the fact that there are circumstances in which the sensa-

tions of one person may not be shared by others ; dreams
and hallucinations are simply mental experiences which,

though almost indistinguishable by the percipient from
sensations, are distinguished from sensations by being

peculiar to the percipient and in not being shared by
others. The community of sensations is our chief and
final test that experiences are true sensations such as

give information about the external world ; if we apply

other tests, it is only because this chief test is not available,

and any other tests we may apply are based on the results

which we are accustomed to obtain with this chief test.

OUR BELIEF IN OTHER PEOPLE

But now we must inquire a little more deeply and face

a difficulty. We believe in the external world because the

sensations of other people agree with our own. But
what reason have we to believe that there are other

people ? In our discussion hitherto we have spoken

of the world as divided into two parts,- man and nature,

and we have regarded the external world as the same
thing as nature. But it is not really the same thing.

If I divide the world into man and nature, you are not

part of nature ; but if I divide the world into an external

and an internal part, you are part of the external part.

" You " are not " me " and " I " am not " you," you are

part of my external world and I am part of yours. Nature,

the part of the external world that is not man, is the same
thing as that part of the world which is external to all

men ; but it is not the same thing as my external world

or as your external world. Accordingly, if I am asking

what evidence there is for an external world, I must first
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make up my mind whether you and other people are to

be regarded as part of it. If I do not regard you as part

of the external world, it is imreasonable to regard the

community of your sensations with mine as giving me
evidence of an external world. For that community

only gives me such evidence if you are external to me ;

if your sensations are internal to me, it is clear that the

fact that they agree with mine does not justify the

argument for the external world that we have just been

considering. On the other hand, if I know that you

are part of the external world, it is quite unnecessary

to examine your sensations and to inquire whether they

agree with my own in order to prove that there is an

external world ; for if there is not an external world,

you cannot be part of it. It seems that whichever

alternative I adopt, the argument for an external world

based on the community of your sensations and mine

breaks down. Either I must know already what the

argument professes to prove, or it provides no proofs.

Let us therefore examine rather more closely why we do

all actually beheve that there are other people.

Our reason for believing that there are other people

appears to be of this kind. There is attached to me a

portion of the external world that I call my body. It

is part of the external world because I can perceive it

by my senses ; I can see my own hand, just as I can see

any other external object ; I can hear my own voice
;

and with my hand I can feel my own eye. On the other

hand, I regard it is peculiarly attached to me, and as

"my" body, because it is very intimately under the control

of my wiU. I can move my hand and I can close or open
my eyes by simply desiring to so do ; it is much less

affected by obstinacy in the face of my desires than the

remainder of the external world. Now I know that

certain changes in this external object which I call my
body, changes which I can perceive through my senses,
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are intimately connected with certain purely internal

feelings. Thus, if I bring my hand too near a hot body,
I can see that it is snatched suddenly away ; and I know
that this sudden motion is accompanied by the purely

internal feeling of pain and also by certain muscular
feelings which are associated with movement of my
body. Now I perceive through my senses other parts

of the external world which appear very similar to my
body, and these objects undergo associated changes
very similar to those which take place in my body.

Thus I may see another object, very like my hand,

approach the same hot body ; and if I see that, I shall

see it snatched away again, exactly as I see my hand
snatched away. But this time I shall not experience

any feeling of heat or any feeling of muscular motion.

To explaui these observations I imagine that, just as

there is intimately associated with my body a mind,

namely, my own mind, so there is intimately associated

with each of these other objects, so similar in appearance

and in behaviour, another mind ; I call these other

objects " other persons' bodies," and the minds which I

imagine to be associated with them I call " other persons'

minds " or simply " other persons." I believe there

are other people because I see other bodies reacting in

the same way as my body ; and, if any reaction of

my body is accompanied by some event in my mind, I

suppose that the reactions of these other bodies are

accompanied by similar events in the minds of the other

people.

I do not propose to inquire whether this line of atgu-

ment is justified (if an5d;hing so elementary and so funda-

mental to all thought can be called argument) or whether

it avoids the difficulty to which attention has been called.

The reader must inquire for himself whether he can put

the evidence for the existence of other people in a form

which is wholly convincing and is also such that it is
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possible to base on the existence of other people an argu-

ment for and a criterion of the external world, without

lapsing into the fallacy of a circular argument which

assimies what it pretends to prove. As we shall see in a

moment, it is not relevant to our inquiry to decide whether

such arguments are justified or, indeed, whether it is

possible to produce any valid arguments for the existence

of other people and of the external world. All that I

am concerned with here is to draw attention to the ideas

which undoubtedly underlie our habitual and common-
sense distinction between the internal and the external

world, or between other people and ourselves, on the

one hand, and nature on the other. The ideas which

are important for our further inquiry are :

1. That the conception of " myself," on which is

founded the conception of all other people, is intimately

connected with the mental experiences which we call will

or volition. A person is something that wills ; volition

is the test of personality ; nothing is a person or has

personality (at least of the human type) unless it is

characterized by a will ; all exercise of will is inseparable

from the recognition of a person who exercises it ; and
everything that is directly subject to the same wiU is

part of the same person.

2. Our belief in the external world, or at least of that

part of it which is called " nature," is based on our

perceptions received through our sense organs. And we
believe that these perceptions inform us of the external

world, partly because they are independent of our wills,

but more because other people agree with us in those

sensations.

3. Our belief in other people is based on an analogy
between the behaviour of their bodies and the behaviour
of our own. If the actions of other bodies are similar

to those of our own, and if those actions in our bodies are

accompanied by certain thoughts in our minds, then we
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believe that there are similar thoughts in the minds
of the other persons whose bodies behave similarly to

our own.

A DEFINITION OF SCIENCE

This discussion was started by the suggestion that we
could answer our question, What is Science ? by saying

that science consists in the study of the external world

of nature. For reasons which have been given already,

and for others which will appear in due course, I propose

to reject that definition of science. In its place I propose

to put another, which could have been offered before,

but, if it had been offered before the discussion which has

just ended, it would hardly have been intelligible. This

definition is : Science is the study of those judgments

concerning which universal agreement can be obtained.

The connexion between this definition and the ideas

that we have been considering is obvious. It is the fact

that there are things concerning which universal agree-

ment can be obtained which gives rise to our behef in

an external world, and it is the judgments which are

universally agreed upon which are held to give us infor-

mation about that world. According to the definition

proposed, the things which science studies are very closely

allied to those which make up the external world of

nature. Indeed, it may seem at first sight, that we are

practically reverting to the definition of science as the

study of nature and that there is little difference except

in words between the definition which is proposed and

that which has been rejected.

But there are two very'important differences. In the

first place the mere omission of such terms as " nature
"

and the " external world " is important. For these terras

represent* inferences from the judgments that we are

considering. Nature is not sensations or judgments
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concerning which there is agreement ; it is something

which we infer from such sensations and judgments.

And this inference may be wrong. As has been said,

nobody maintains that it is entirely wrong, but it is very

strongly held in some quarters that some parts of the

inference usually made by common sense are wrong and

seriously misleading. If we caU science the study of

nature, we are bound to admit that, if the common-sense

view about natiure is largely mistaken, there must also

be a considerable element of doubt as to the real value

of the conclusions of science itself ; in other words,

science must to some extent be subordinated to philosophy,

in whose province lies the business of deciding the

worth of the popular conception of nature. Against such

subordination students of science have always protested :

and they can maintain their protest if they adopt the view

that science studies, not the external world, but merely

those judgments on which common sense, rightly or

wrongly, bases its behef in an external world. And it

may here be noted that among the difficulties that are

avoided by the definition are those to which reference

was made on p. 23.

But there is a much more important difference. It is

true that the popular belief in the external world is

founded primarily upon the fact of agreement about

sensations ; but, in deciding what part of our experience

is to be referred to that external world, common sense

does not adhere at aU strictly to the criterion on which
that behef is ultimately based. We do not ordinarily

refuse to regard as part of the external world ever3^hing

about which there is not universal agreement. A very
simple example will illustrate this point. A moment
ago a book fell from my table to the floor : I heard a sound -

and, looking round, saw the book on the floor. Now I

had no hesitation in referring that experience to some-
thing happening in the external world ; but there was
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not, and there cannot be, universal agreement about it

or indeed any agreement at all. For I am alone in the

room and nobody but myself has ever had, or can ever

have, any share in that experience. Accordingly our
definition of science excludes that experience of mine
from the judgments which science studies, although to

common sense it was certainly an event in the external

world.

Such a simple example indicates at once how very

much stricter than the common-sense criterion of extern-

ality is the criterion which must be satisfied before any
experience is admitted by our definition as part of the

subject-matter which science studies. Science, as we
shall see, really does maintain the criterion strictly,

while common sense is always interpreting it very loosely.

I do not mean to assert that common sense is wrong to

apply a less strict criterion—^that is a question which

lies far outside our province ; all that I mean is that any
experience which' fails to satisfy the strict criterion of

universal agreernent, though it may be quite as valuable

as experience which does satisfy it, does not form part

of the subject-matter of science, as we are considering it.

Here is the distinction between modern science and the

vaguer forms of primitive learning out of which it grew.

When the possibility of applying the strict criterion^ of

universal agreement was realized, then, for the first time

in the history of thought, science became truly scientific
;

and separated itself from other studies. All the early ;

struggles of science for separate recognition, Bacon's

revolt against mediaeval learning and the nineteenth-

century struggle -of -the " rationalists " against the

domination of orthodox theology, can be interpreted, as

we shall see, as a demand for the acceptance of the strictly

applied criterion of universal agreement as the basis for

one of the branches of pure learning.
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IS THERE UNIVERSAL AGREEMENT ?

But objections are probably crowding in upon the

reader's mind. The more he thinks about the matter,

the more impossible it will appear to him that truly and

perfectly universal agreement can be obtained . about

anything. The scientific criterion, he will think, may
be an ideal, but surely even the purest and most abstract

science cannot reaUy live up to it in a world of human
fallibility. Let us consider for the moment some of the

objections that will probably occur to him.

In the first place, he may say that it is notorious that

men of science differ among themselves, that they accuse

each other of being wrong, and that their discussions are

quite as acrimonious as those of their philosophical or

linguistic colleagues. This is quite true, but the answer

is simple. I do not say that all the propositions of

science are universally accepted—^nothing is further from

my meaning ; what I say is that the judgments which

science studies and on which its final propositions are

based are universally accepted. Difference of opinion

enters, not with the subject-matter, but with the conclu-

sions that are based on them.

In the second place, he may say that, if absolutely

universal agreement is necessary for the subject-matter

of science, a single cantankerous person who chose, out

of mere perversity, to deny what every one else accepted

could overthrow with one stroke the whole fabric of

science ; agreement would cease to be universal ! Now
this objection raises an important issue. How do we
judge what other people think, and how do we know
whether they do agree ? We have already discussed

this matter from the standpoint of common sense and
stated our conclusion on p. 25. But, here again, science,

though applying generally the same criterion as common
sense, insists on a much stricter and deeper application
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of it. We judge men's thoughts by their actions. In

common life we generally use for this purpose one par-

ticular form of action, namely, speech : if a man says

"I see a table " I conclude that the thoughts in his mind
are the same as those in my mind when I say " I see a

table." And men are generally so truthful that we do
not often need to examine further. But sometimes we
may suspect that a man is wilfuUy Ijdng and that the

relation between his words and thoughts is not normal

(although it is again a relation of which we have some
experience in our own minds), and we can often detect

the lie by examining other actions of his. Thus, if he

says that he cannot see a table, we may not be able to

make him change his assertion ; but we may be able to

induce him to walk across the room, after having

distracted his attention from the matter, and then note

that he, like ourselves, walks round the table and does

not try to walk through it. Such tricks are familiar

enough in attempts to detect malingerers in medical

examinations. But what I want to point out here is

that the method can only be applied to detect lies about

a certain class of matters. If a man says that he does

not believe that 2 and 2 make 4, or holds that an object

can be both round and square, I do not see that we have

aiiy way whatsoever to prove that he does not believe

what he says he believes. And the distinction is clear

between the matters in which lying and imposture can

be detected and those in which it can not. As we detect

imposture by examining a man's actions, it is only in

thoughts and beliefs that affect his actions that we can

find out certainly what he thinks or believes. There may
be actually universal agreement on the proposition that

2 and 2 make 4, but in this case the objection that we are

considering is valid. A single denier could upset that

universal agreement, and we should have no way of

discounting his assertion and proving that the agreement
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really is universal. Accordingly, in defining science as

the study of judgments concerning which universal

agreement can be obtained, we are limiting science to

judgmaits which affect acl:ion and deliberately excluding

matters which, though they may actually be the subject

of universal agreement, do not affect action. This con-

clusion is important, because it enables us to separate

science clearly from pure mathematics and logic ; but

space cannot be spared to pursue this line of thought

beyond a bare reference to it.

A man may also fail to join in the general agreement,

not because he is Ijnng, because he is suffering from some

hallucination. This possibiUty was noticed before

(p. 22), and then we distinguished hallucinations from

true sensations by the fact of the agreement of others.

But now we are appl57ing the test of agreement much more

strictly, and the mere fact that the man is under an

hallucination and does not agree with others is sufficient

to make the test fail. However, the difficulty can be

overcome in exactly the same way as that arising from

l5dng. We study all the man's actions, and we usually

find that, while some of them are consistent with his

assertion that he does not agree, others are inconsistent

with that assertion ; and those that are inconsistent are

those which we know, from our own internal experience,

to be less directly connected with consciousness and less

Uable to aberration. Our test, once more, is always

whether the man acts on the whole as we should act if

we shared the thoughts which he professes. Curious

instances of this nature have occurred in actual science ;

there have been people who professed to be able to see

or to hear or to feel things which other men could not see

or hear or feel. But so far the difficulty has always been
removed by setting " traps," even if the honesty of the

man is beyond doubt, and showing that his actions in

general are not consistent with his professions.



SCIENCE AND NATURE 33

But I mention this matter for another reason. There

are persons under what we may call permanent hallu-

cinations : colour-blind people are an instance. There
are people who say that, to them, two objects, which to

normal people appear one as pink and the other as greenish-

blue, appear exactly the same colour ; and no traps

set for them will show any inconsistency in their judg-

ment. They will maintain their position when all their

interests lie in an ability to distinguish the colours. In

such cases universal agreement cannot be obtained. Are

the judgments to be excluded from the subject-matter of

science ? The answer is, Yes ; they are excluded.

And the fact that they are excluded is a support for the

definition of science which has been offered ; for there is

no doubt that they would have to be included if science

studied simply the properties of the external world.

Strange as it may appear to the uninitiated, colour,

judged by simple inspection, is not a scientific conception

at all, and it is not a scientific conception because

universal agreement cannot be obtained about it. The
procedure adopted is this. We find that normal people

regard the objects A, B, C, . . . as all pink and the

objects X, Y, Z, . . . as aU blue ; colour-blind people,

on the other hand regard A, B, C, . . . X, Y, Z, as indis-

tinguishable in colour. But we find also that there is

some other property in which both normal and abnormal

people find that A, B, C, . . . agree and that X, Y, Z, . . .

agree, while in respect of this property both normal and

abnormal find that A, B, C, . . . differ from X, Y, Z, . . .

When we find that, we regard this new property as

the true and scientific test of colour ; for about this

property we can obtain universal agreement. And we

call some people abnormal, not merely because tliey fail

to agree with the majority, but because they fail to make

a distinction where it is universally agreed that there is

a distinction.
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To make this important matter clear, it may be well

to suggest a procedure which might be adopted. We
might make both the normal and the abnormal people

look at the objects through a red glass. Through the

glass, of course, ever57thing will look the same colour to

both normal and abnormal, but different objects will

appear different shades of the same colour. The pink

objects A, B, C, . . . will aU appear the same shade,

and so will the greenish objects X, Y, Z . . . ; but the

former will appear a lighter shade than the latter ; and

they will appear a lighter shade, not only to the normal

people, who see the difference of colour when the red

glass is not interposed, but also to the abnormal,who do

not seevthis difference. Here then universal agreement

has been attained ; every one agrees that through the

red glass the objects look different. Accordingly we
regard the appearance through the red glass as a better

basis for science than the appearance without the red

glass ; we say that scientifically the objects are different

in colour if they appear different through the red glass,

and we call one set of people normal and the other

abnormal because one set agree and the other do not

with the distinction based on this truly scientific criterion.

It is a very remarkable fact that, wherever we find

such abnormal people imder permanent hallucinations

(and we find them in regard to aU the senses), we can

always find another test which, in the manner just

described, enables us to restore universal agreement. It

is this fact, which could not be anticipated, which makes
science possible, and gives its great importance to the

test of universal agreement.

But perhaps the reader may doubt whether there are

really judgments about which every one agrees, if we are

allowed to include people with the most extremely

abnormal sensations, such as the totally bHnd or the

totally deaf. The doubt can only be removed by quoting
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an example which can easily be given. Every one who
has any sense-perceptions at all, and can come into any
contact with the external vvorld, has the feeling that

events occur at different times and that some occur

before others. This is an example of a judgment concern-

ing which there appears to be the truest and most perfect

universal agreement. If one person A judges that an
event x occurs before an event y, then anyone else, how-
ever abnormal his sensations so long as he can experience

the events at all, will also judge that x occurs before

y ; he will never judge that x occurs after j". If the reader

considers this example, I think he will feel that in such a

judgment of the order in which events occur it is almost

inconceivable that there should be anything but the

most perfect universal agreement. Such judgment,

and such only, form the proper basis of science.

However our objector may make a last stand. He
may say that, though it is barely conceivable that there

should be disagreement about such a matter, barely

conceivable events do sometimes occur. It is just

possible that disagreement might arise where now there

is the most perfect agreement ; what would science

do then ? The question is unanswerable. It is quite

impossible to say what we should do if the world was
utterly different from what it is ; and it would be utterly

different frOm what it is if there were not judgments

concerning which universal agreement is obtainable.

It would be a world in which there was "ho "external

world." For though, as has been urged, the general

agreement on which popular ideas about the external

world is based is not always as perfectly universal as is

demanded by the criterion set up by science, a deeper

inquiry than we can under take here would show that

common sense, just as much as science, does employ
conceptions which would be meaningless if, in the last

resort and in some cases, perfectly universal agreement
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were not obtainable. That is the true answer to all the

objections that we have just been considering ; it has

been useful to consider them, because we have been
enabled thereby to bring to light some matters important

in the procedure of science ; but the answer to all objec-

tions based on the difficulty that might conceivably

be encountered in obtaining universal agreement is that

such agreement is actually obtained, and that all our

practical life and aU our thought are based on the

admission that, in some matters but not in all, it is

actually obtained.

There is, however, an objection of another kind which
may yet be raised, but, since the discussion of it leads

us directly into more strictly scientific inquiry, it will be
well to leave it to open a new chapter.



CHAPTER III

THE LAWS OF SCIENCE

WHY DOES SCIENCE STUDY LAWS ?

THERE was quoted on p. 28 an example of an
experience which could not be the subject-matter

of science, according to our definition, because

there could not be universal agreement about it. A
book fell on the floor when only one person was in a

position to observe the fall. Now it may be urged that

this example is typical, not of a small and peculiar class

of events occurring in the external world of nature and
perceived by the senses, but of all such events. No event

whatever has been observed by more than a very small

minority of mankind, even if we include only persons who
are all alive at the same time ; if we include—and our

definition suggests that we ought to include—all men,
past, present, and future, it is still more obvious that there

can be no event concerning which they can all agree ; for

there is no event which they can all perceive. Are we
then to take the view that no event whatever is the proper

subject-matter for science ? And, if we take that view,

what is there left in the external world which can properly

be such subject-matter ?

• The answer is that we are to exclude every particular

event from the subject-matter of science. It is here that

science is distinguished from history ; history studies

particular events, but science does not. What then does

does science study ? Science studies certain relations

between particular events. It may be possible for every

one to observe two events each of a particular kind, and
to judge that there is some relation between those events ;

although the particular events of that kind which they

37
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observe are different. Thus, in our example, it is im-

possible for every one to observe that a particular book

fell to the floor and made a noise on striking it ; but it is

possible for every one to observe that, ifs. book is pushed

over the edge of the table, it will fall to the floor and

will make a noise on striking it. Concerning that judg-

ment there can be universal agreement ; and that agree-

ment will not be upset, even if somebody has never

actually observed a book fall ; so long as he agrees when

at last he is placed in the necessary circumstances, that

a book wiU fall and that,- when it falls, it will make a

noise, then tmiversal agreement is secmred.

If we could imagine ourselves without any experience

of the external world derived from our senses, we might

doubt whether there actually are such relations concerning

which universal agreement can be obtained ; we might

expect that it would be as impossible to find universal

relations between events as to find universal eveiits.

But we all know from our experience that there are such

relations and we know of what kind these relations are.

They are of the kind that have just been indicated ; the

universal relations that we can state are between events

which are such that, if one event happens, then another

event happens. Again, there might conceivably be other

relations between events of a different kind, yet of the

same universality ; actually there are not—^at any rate

if we interpret the relation just stated correctly. There

is a certain class of relations between events for which

universal agreement can be obtained, which is thereby

distinguished from other classes for which it cannot be

obtained. Indeed, we might almost say that it is only

this class which can be the subject of universal agreement

;

for the necessity that all men, even if they Uve at different

times, should agree imposes limitations on the form of the

relation. But we need not inquire into this abstruse

matter ; all that is necessary for our purpose is to
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recognize that there are certain relations between events

concerning which all men can agree.

Our definition then limits science to the study of these

special relations between events. And this conclusion,

though the form in which it has been expressed and the

reasons alleged for it may be unfamUiar, is very well

known and widely recognized. For the relation of which
we have spoken is often called that of " cause and effect " ;

to say that, if a book falls off the table, it will make a

noise when it strikes the floor is much the same as to say

that the noise is the effect of the fall, and the fall the cause

of the noise. Again, assertions of cause and effect in

nature are often called " laws " or " laws of nature "
;

in fact, the assertion that a book, or any other object,

will fall if unsupported is one of the most familiar instances

that is often offered of one of the most widely known laws,

namely the law of gravitation. Accordingly, all that we
have said is that science studies cause and effect and that

it studies the laws of nature ; nothing can be more trite

than such a statement of the objects of science. Indeed,

I expect that some readers thought that a great deal of

unnecessary fuss was made in the previous chapter and

that all our difficulties about the relation between science

and nature would have vanished, if it had been said simply

that science studied, not nature, but the laws of nature.

However here, as so often, the popular view, though it

contains a large measure of truth, is not the whole truth.

The meaning popularly attached to " cause and effect
"

and to " laws " is too loose and vague ;
" cause and

effect," in the conversational sense, includes some rela-

tions which are not studied by science and excludes some
that are ; the assertions which are popularly regarded as

laws are not invariably scientific laws, and there are many
scientific laws which are not popularly termed so. The
value of our definition is that it will enable us to give a

more precise meaning to these terms, and to show clearly
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why and where scientific and popular usage differ.

Accordingly, in the rest of this chapter we shall examine
the matter more closely.

THE DEVELOPMENT OF LAWS

First, we may note that there is an apparent difference

between the popular conception of the part played by
laws in science and that laid down by our definition. It

is probably usually thought that it is the aim and object

of science to discover laws, that laws are its final result.

But according to our view nothing can be admitted

to the domain of science at all unless it is a law, for it is

only the relations expressed by laws that are capable of

universal agreement. Laws are the raw material, not

the final product. There is nothing inconsistent in these

two statements, but the mode in which they are to be

reconciled is important. Laws are both the raw material

and the finished product. Science begins from laws, and
on them bases other laws.

To understand how this may be let us take an example
of a law ; that used already is not very suitable for the

purpose ; the following will serve better : A steel object

will rust if exposed to damp air. This is a law ; it states

that if one event happens another wiU follow ; although

it is the result of common observation, it would usually

be regarded as l37ing definitely within the province of

science. But now let us ask what we mean by a steel

object, or by " steel." We may say that steel is a hard,

shining, white substance, the hardness of which can be
altered by suitable teinpering, and which is attracted by
a magnet. But, if we express what we mean by steel

in this way, we are in effect asserting another law. We
are saying that there is a substance which is both shining,

white, and capable of being tempered, and attracted by a

magnet ; and that, if it is found to be white and capable
of tempering, then it will be magnetic. The very idea of
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" steel " implies that these properties are invariably

associated, and it is just these invariable associations,

whether of " properties " or of " events," that are

expressed by laws. In the same way " rust " implies

another set of associated properties and another law

;

rust would not be rust, unless a certain colour were

associated with a powdery form and insolubility in water.

And we can proceed further and apply the same analysis

to the ideas that were employed in stating that the

properties of steel are invariably associated, or, in other

words, that there is such a thing as steel. For instance,

we spoke of a magnet. When we say that a body is a

magnet, we are again asserting an invariable association

of properties ; the body will deflect a compass needle

and it will generate an electric current in a coil of wire

rotated rapidly in its neighbourhood. The statement

that there are magnets is a law asserting that these

properties are invariably associated. And so we could

go on finding that the things between which laws assert

invariable relations are themselves characterized by
other invariably associated properties.

This, then, is one of the ways in which laws may be

both the original subject-matter and the final result of

science. We find that certain events or certain properties,

A and B, are invariably associated ; the fact that they

are so associated enables us to define a kind of object,

or a kind of event, which may be the proper subject-

matter of science. If the object or the event consisted

of A and B without any invariable association between

them, it might be a particular object or a particular

event, and might form an important part of the

popular conception of the external world, but it

would not be proper subject-matter for science. Thus

the man Napoleon and the battle of Waterloo are

an object and an event consisting of various properties

and events ; but these properties and events are not
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invariably associated. We cannot, by placing ourselves in

such circumstances that.we observe some of the proper-

ties (for instance short stature, black hair, and a sallow

complexion), make sure that we shall observe the other

properties of Napoleon. On the other hand, iron is a

kind of object suitable for the contemplation of science,

and not a particular object, because, if we place ourselves

in a position to observe some of the properties of iron, we
can always observe the other properties. Now, having

found an A and B invariably associated in this way, and

therefore defining a kind of object, we seek another set

of associated properties, C and D, which are again

connected by a law, and form another kind of object.

We now discover that the kind of object which consists

of A and B invariably associated is again invariably

associated with the kind of object which consists of C and

D invariably associated ; we can then state a new law,

asserting this invariable association of (AB) with (CD)

;

and this law marks a definite step forward in science.

If it is in such a way that science builds up new laws

from old it clearly becomes of great importance to decide

what are the most elementary laws on which aU the others

are built. It is obvious that the analysis which we have

been noticing cannot be pushed backwards indefinitely.

We can show that in a law connecting X with Y, X is

the expression of a law between A and B, and Y of a law

between C and D ; we may possibly be able to show again

that A is the expression of yet another law connecting

some other terms, a a,nd 6. But, in the last resort, we must
come to terms, a and 5, which are not resolvable into other

laws, and which, therefore, are not proper subject-matter

for science by themselves, but only when they occur in

the invariable association {ah). What, then, are the

terms at which we arrive at length by this analysis ?

What are the irresolvable laws which must He at the basis

of all science ?
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No more difficult question could be asked, and I cannot
pretend to answer it completely, even for that small

branch of science which is my special study. The reason

for the difficulty is interesting, and we must examine it.

Let us return to our first " law," namely that steel

will rust if exposed to damp air. I said that the use of

the word steel implied an invariable association of

properties which is asserted by the more elementary law

:

There is such a thing as steel. But if we look at the

matter closely we shall see that this is not really a law.

For there are many kinds of steel ; the substances, all

of which the man in the street would call equally " steel,"

are divided by the fitter into mild steel, tool steel, high-

speed steel, and so on. And the scientific metallurgist

would go further than the fitter in sub-division ; he would
recognize many varieties of tool steel, with slightly

different chemical compositions and subjected to slightly

different heat-treatments, which might be aU very much
the same thing for the purposes of the fitter; But if we
say that there are several kinds of steel, we are in effect

saying that the association of the properties of steel is

not invariable, that there can be many substances which,

though they agree in some of their properties, differ in

others. Thus everything anybody would call steel con-

tains, according to the chemist, two elements, iron and

carbon ; but most steel contains some other element

as well as these two, and these other elements differ

from one steel to another ; one contains manganese,

another tungsten, and so on. It is not a law that every

substance which contains iron and carbon (and has cer-

tain physical properties of steel) contains manganese ;

for there are substances which agree in all these respects,

but differ in containing nickel in place of manganese,

and in certain other physical properties which are not

.common to all steels,

rrhere may seem to be an easy way out of the difficulty
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raised by finding that there is really no such thing as

" steel." It has been implied that there are certain

properties common to all steels. If we make the word
steel mean anything which has these common properties,

whatever other properties it may have, then, since these

properties are invariably associated, the proposition that

there is steel (in this sense) will be a true law. But if

we examine the matter closely enough, we find that there

are not really any properties, common to all steels ; we
can find common properties only if we overlook distinc-

tions which are among the most important in science.

All steels, we may say, contain iron and carbon and all

are capable of being tempered. But they do not all con-

tain the same amount of iron and carbon, nor are their

tempering properties all the same ; and the variation

in the amount of carbon they contain is associated with

important variations of their tempering properties. As
we shall see—^if, indeed, it is not obvious—one of the

most important distinctions which science makes is

between objects or substances which have all the same
property, but have it in different degrees ; the study of

such distinctions is measurement, and measurement is

essential to science. The deeper we inquire, the less we
shall feel inclined to regard the statement, there is

steel, as a law, asserting invariable associations We
shall want to break this law up into many laws, one

corresponding to each of the different kinds of steel that

we can recognize by the most delicate investigation

;

when we have pushed these distinctions to the utmost'
limit, then, and not till then, we shall have arrived at

laws stating truly invariable associations between the

various properties of these different kinds of steel.

Here we meet with a process in the development of

science precisely contrary to that which we considered

before. We were then considering the process by which
science, starting from a relatively small number of laws,
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found relations between the objects of which they are

the laws, and so arrived at new and more complex laws.

In the second process, science takes these simple laws,

analyses them, shows that they are not truly laws, and
divides them up into a multitude of yet simpler laws.

These two processes have been going on concurrently

throughout the history of science ; in one science at one

time one of the processes will be predominant ; in another

science at another time, the other. But on the whole

the first process is the earlier in time. Science started,

as we have seen, from the ordinary everyday knowledge
of common sense. Common sense recognizes kinds of

objects and kinds of events, distinguished from particular

objects and particular events by the feature we have just

discussed ; they imply the assertion of a law. Thus all

" substances," iron, rust, water, air, wood, leather, and
so on, are such kinds of objects ; so again are the various

kinds of animals, horses, sparrows, flies, and so on. Simi-

larly common sense recognizes kinds of events, thunder

and wind, life and death, melting and freezing, and so

on ; all such general terms imply some invariable asso-

ciation and thus are, if the association is truly invariable,

proper matter for the study of science. And science in

its earlier stages assumed that the association was invari-

able, and on that assumption proceeded to build up laws

by the first process. It found that iron in damp air

produced rust ; that poison would cause death.

But, as soon as this process was well under way, the

second process of analysis began ; it was found that the

association stated by the laws implied by the recognition

of such objects was not truly invariable. This discovery

was a direct consequence of the first process. Thus,

until we have discovered that steel in general rusts, we are

not in a position to notice that there are some steels

which do not rust. When we have found that there are

certain substances, otherwise like steel, but differing
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from other steels by being rustless, we are for the first

time in a position to divide steels into two classes, those

which do and those which do not rust, and so to analyse

the single law imphed by the use of the term " steel

"

into two laws, one implied by the term rusting steel, and
the other by the term rustless steel. And so, again, when
we have found that steel is attracted by a magnet, we are

first in the position to notice that different objects,

hitherto aU called magnets, differ somewhat in their

power of attracting steel ; we can break up the single

law, There are magnets, into a whole series of laws

asserting the properties of aU the various magnets
which are distinguished by their different power of

attracting steel.

This is actually the history of scientific development,

so far as the discovery of laws is concerned. And now
we can see why it is so difficult to say what are the

fundamental and irresolvable laws on which science is

ultimately built. Science is always assuming, for the time

being, that certain laws are irresolvable ; the law of steel,

for example, in the early stages of chemistry. But later

it resolves these laws, and uses for the purpose of the

resolution la-vre which have been discovered on the

assuinption that they are irresolvable. At no stage is

it definitely and finally asserted that the limits of analsrsis

have been reached ; it is not asserted even in the most
advanced sciences of to-day ; it is always recognized

that a law which at present appears complete may later

be shown to state an association which is not truly invari-

able. Moreover, the intermingling of the two processes

leads to the result that a law which is regarded as final

in one connexioi^ is not regarded as final in another.

We use the law that there is steel to assert the law that
there are magnets, and at the same time use the law that
there are magnets to assert the law that there is steel

!

1 If we attempted to describe science as a purely logical
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study in which propositions are deduced one from the

other in a direct line of descent from simple ultimate

assumptions to complex final conclusions, this double

role of laws, partly assumptions and partly conclusions,

would cause grave difficulty. AU scientific arguments

would appear " circular," that is to say, they would
assume what they pretend to prove. But the result

that follows from our discussion is not that science is

fallacious, because it does not adhere to the strict rules

of dassical logc,_jMltJ'hat thnsp. mlpg arp nnt fhp only

mgans of arriving at important taoths And it is essen-

tial to notice this iresult ; for, since logic was the first

branch of pure learning to be reduced to order and to be

brought to something like its present position, there has

been a tendency in discussions of other branches—^and

especially in discussions of science—^to assume that, if

they have any value and if they do really arrive at

truth, it can only be because they conform to logical

order and can be expressed by logical formidas. The
assumption is quite imjustifiable. Science is true, what-

ever anyone may say ; it has, for certain minds, if not

for all, the intellectual value which is the ultimate test

of truth. If a study can have this vajue-and-yet -violate >

the rules oflogic, the conclusion to be drawn is that those

rules, and not science,-are deficient. Nevertheless, while

it is'Iinportant to insist that science is not necessarily

boimd by logical formulas, it may be well to point out

that the difficulty which we have been noticing can be

overcome to some extent. The difficulty arises because

we have regarded aU the different laws of science as differ-

ent propositions, some of which give rise to others. It

would probably be more accurate to regard all the

so-called laws of science as one single law which is always

being extended and refined ; and if we take that view

there can be no question of deducing one law from

another ; the difficulty does not arise. Much might be
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said in further explanation and extension of this attitude ;

but space forbids a more lengthy discussion, and, with this

hint, the matter must be left.

It may be noted that in the actual practice of science

none of these difficulties and complexities arise. Every

science starts, as has been said, from the crude and vague

laws which have been elaborated as the result of that

continuous tradition of experience which is called common
sense. And, just because they are so intimately part

of common sense, there is usually no difficulty whatsoever

in obtaining for them the imiversal agreement which

makes them the proper subject-matter of science. It is

only when science gets to work and, instituting a much
deeper and more thorough inquiry than common sense

would ever institute, finds that the relations asserted by
the laws are not strictly invariable, that the question

of doubting the laws arises ; and the very inquiry which

suggests the doubts suggests also how the laws may be

amended so that once more, for the time being, universal

assent for them may be obtained. It is not actually

difficult to get people to agree that there are such things

as air and water ; the actual difficulty is rather to make
them see that what they caU air and water are really

many different substances, all differing sUghtly by small

distinctions which have been overlooked. When we
study the history and development of any actual science

—and it must be remembered that this book is only

intended to be an introduction to such study—^we do not

find actually that difficulties are continually raised by a
failure to obtain universal agreement ; though at a later

stage it is easy to see that the supposed laws of an earlier

stage were not true laws and that agreement could not
have been obtained for them, at any one stage the
distinction between the laws which are assumed as funda-
mental and those which are based on them is perfectly

clear and definite. The criterion of universal agreement
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is important because it gives a reason why we do actually

select for the study of science those portions of experience

which are actually selected ; but it is not the criterion

which we consciously apply. The conscious criterion

for the subject-matter of science is rather that it has been
regarded hitherto as connected together by a relation

of invariable association such as is asserted by a law.

DO LAWS STATE CAUSES AND EFFECTS ?

So far we have only considered half of the problem of

the laws of science. We have expanded and made more
prepise the conception of a law of nature, have considered

why such laws are of such supreme importance for science,

and have inquired how they can be at once its starting

point and its goal. A law, we have concluded, is the

assertion of an invariable association, and the events ov
properties or other things that it declares to be invariably

associated are themselves collections of other invariably

associated things. But we have not attempted to asH
further what is meant by " invariable association." We
noticed in passing at the outset that it was often thought
that laws were concerned characteristically with rela-

tions of cause and effect. A cause and its effect are invari-

ably associated. The view is therefore suggested that

by invariable association we mean simply the relation of

a cause to its effect. Is that what we mean ? This is

the other half of our problem and to it the rest of the

chapter must be devoted.

We must naturally start by asking ourselves what
exactly we mean (or what we should mean) by " cause

and effect." This is a matter on which there has been

much discussion ; but the idea which imderhes most
frequently the use of the terms seems to be this. We
imagine that whenever an event B happens, it happens
only because it has been preceded by some other event

4
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A ; and, on the other hand, if A happens, it is sure to be

followed in due course by B. When we can discover

such a relation between two events, we say that A is the

cause of B and B the effect of A. A single example will

sufhce for illustration. If my finger bleeds, it is because

I have cut it. The cutting, which necessarily precedes

the bleeding, is the cause ; the bleeding which necessarily

follows the cutting ie the effect.

However, this simple and familiar notion, hke so many
equally simple and famihar to a first glance, appears

rather more complex and intricate on further examination.

The many difficulties which might be and have been

raised to the acceptance of this simple view are not

strictly relevant to our present purpose, but a few of

them may be noted for the information of the reader

unaccustomed to philosophical discussion. The first

difftculty is that there are certainly pairs of events, A
and B, one invariably preceding the other, which we do

not regard as cause and effect ; for instance, birth invari-

ably precedes death, and yet we should not accept readily

the conclusion that birth is the cause of death. Again,

sometimes B, though always following A, also always

precedes another A ; day always follows night, but it

also always precedes night ; is day or night the cause,

or is there no relation of cause and effect involved ?

Once more, even when we are clear that there is a relation

of cause and effect involved, it is often difficult to say

precisely which, out of many alternations, is the cause.

Death, for instance, may be the effect of natural causes,

or of a himdred forms of accident or violence. We
know that it must always be the effect of one of them,
but we are so uncertain of which is the cause in each par-

ticular case that a special form of inquiry is thought
necessary. How is this uncertainty consistent with the

invariable sequence of effect after cause which seems
assumed by the use of those words ? Such difficulties
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as these undoubtedly suggest that by cause and effect

we naean something rather more abstruse and certainly

more obscure than the simple invariable sequence of one

event after another, which seems usually to be regarded

as constituting the causal relation.

But this is not what we have to consider. For those

who have seriously maintained that the business of laws is

to state relations of cause and effect have always regarded

such relations as consisting merely of invariable sequences.

It is possible that if the terms are used in this sense they

do not coincide exactly with common usage, but, if that

is so, it will only be one more of the innumerable examples

where science has diverted a terra slightly from its sense

in popular discourse. What we have to ask is whether,

in discovering scientific, laws, we are simply establishing

invariable sequences in which one event or set of events

follows after another.

It may be admitted without further discussion that

some part of the laws of science do actually consist of

statements of invariable sequences. So much foUows at

once from our previous discussion. For, though we have

spoken hitherto ttiore vaguely of invariable association

rather than of invariable sequence, it is obvious that, if

there is such a thing as an invariable sequence, it is

one form at least of invariable association and possesses

the qualities which we concluded were necessary to make
a relation the proper subject-matter of science ; invariable

sequence is a relation concerning which universal agree-

ment might be obtained, just because it is invariable.

On the other hand, it seems certain that there are such

things as invariable sequences, for it is doubtless within

the province of science to predict future events, for

example the motions of the stars and the changes of the

weather ; and how could prediction from present to future

be possible, unless it were possible to discover sequences

of events which are invariable and which always recur ?
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But it is much more doubtful whether it is only, or

even mainly, such sequences which are studied in the

establishment of laws. Indeed, some of the examples

of laws that have been quoted already seem to state

relations which are not sequences. For instance, we
spoke of the law of the association of the properties of

steel or of a magnet. But properties are not events which

follow each other. It is not necessary, in order to prove

that a substance is steel, always to observe that it is

attracted by a magnet before it is observed that it will

rust in damp air ; there is no time-relation of any kind

between the two properties. The properties of a single

substance, the invariable association of which is asserted

by the law of that substance, are something quite inde-

pendent of the times at which they are observed. They
differ completely in this matter from events which are

related to each other as cause and effect.

And there are scientific laws of another kind which are

not concerned with the invariable sequences that con-

stitute cause and effect, namely, mimerical laws, of

which we shall have much to say later. Important

examples of such laws are those which state that one

magnitude is proportional to another. For instance.

Ohm's Law states that the electric current through a

conductor is proportional to the electrical pressure

between its ends, so that if the pressure is doubled, the

current is doubled. Here, again, there is no time-relation

involved ; the law states something about numbers
and the size of the things that they represent ; there is

no idea of one thing being before or after another.

But, if there are so many and such important laws

which are obviously not concerned with cause and
effect, how did the idea ever arise that the establishment

of causes and effects was the sole or main purpose of

scientific laws ? In respect of the first example which
has been quoted, that of laws which state the properties
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of a substance, the answer is undoubtedly that it has

not been recognized sufficiently that such propositions

are laws. For they are not usually called laws. But
the 'fact that the name is not applied to them is largely

the result of history. As we noted, laws of this type

are among the results which science accepts in the

first instance from the experience of common sense,-

although it subsequently refines them and may change

them almost beyond recognition. Knowledge is dignified

by the imposing name of law only when it has been

arrived at by deliberate and conscious investigation, and
not when, like Topsy, it simply " growed." But it is

more difficult to explain why numerical laws, to which

the name " law " is applied characteristically, have not

been recognized as providing instances to show that

cause and effect is not the only relation with which laws

are concerned.

I think the real reason is to be foimd in a confusion

between the method by which knowledge is attained

and the content of the knowledge once it is attained.

What I mean is this. Suppose we were seeking to

discover whether Ohm's Law is true. We shall set up
instruments for measuring the current and the pressure,

and shall then watch how the current changes when we
change the pressure. In making such experiments, what
we shall actually observe is that a chaijge in current

follows a change in pressure; we shall first make
deliberately a change in the pressure and then observe

a ' change in the current ; in other words, during the

experiment the change in current appears as an effect

of which the change of pressure is the cause. But,

though it may be maintained that it is by observing

such relations of cause and effect that we discover

the truth of Ohm's Law, it is not these relations which

are stated by the law. It is the numerical relation, and
not the relation in time, that is stated by the law. For,
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if we change our experimental arrangements a little, we
shall be able to alter the relation and interchange cause

and effect ; we shall be able first to alter the current

intentionally and then to observe a change in the pressure.

But, though we have thus turned cause into effect and

effect into cause, we shall regard the experiments as

proving the truth of the same law, because the numerical

relation will be unaltered ; the same current will stiU be

associated with the same pressure. Thus, as was said

at the start, the law states a relation which is not that of

cause and effect, although it may be estabhshed by
observing such a relation ; there is a distinction between

the meaning of the law and the evidence on which it is

asserted.

This distinction appears in experiments of all kinds

and is hardly separable from the fundamental idea of

an experiment. To make an experiment is practically

the same thing as to try what is the effect of some cause,

and in making it it is impossible not to think of the cause

before thinking of the effect. Thus, to revert to an earlier

example, if we are proposing to investigate what action

damp air has on steel, in order to make the trial we
must be thinking about damp air before we can know
what that action is. But when we discover that the

steel rusts, we see that the rusting is not the effect of the

damp air, in the sense that the presence of the damp
necessarily precedes the rusting ; we see that the rusting

is going on all the time that the steel is exposed to damp

;

the exposure and the rusting are concurrent, not con-

secutive.

A confusion between the order in which the processes

are present in our minds when we are making experi-

ments or observations and the relation which the pro-

cesses necessarily bear to each other—this confusion is,

I believe, the source of the notion, generally prevalent

during the last century, that cause and effect (in the
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sense of a pair of events occurring in an invariable

sequence) is a relation of peculiar significance to scientific

laws which are based on experiment. Its significance

for such laws is very much less than is generally believed.

In fact, it would hardly be too much to say that science

seeks to avoid entirely the necessity of recognizing such

causal relations, even when it is dealing with events

which actually do occur in invariable sequences. Con-

sider, for example, a body falling to the ground. Each
position of the body invariably follows those higher up
and precedes those lower down. We might describe

the motion by saying that each higher position is the

cause of the lower positions and that the lower positions

are the effects of the higher. But actually we do riot

adopt such a description. We regard the passage of

the body through the whole sequence of positions as a

single process which is not to be analysed at all ; it is

something which, as a whole, may have a cause (such

as the presence of the earth which attracts the body)

or an effect (such as the noise finally produced by its

impact), but in the process itself cause and effect are

not involved. This elimination of the causal relation,

and its replacement by the conception of a naturally

occurring process, is characteristic of all the more
advanced sciences.

But, if the relation which laws establish between events

or properties or other things is not that of cause and
effect, what is it ? That is a very interesting question,

but it is too difficult and needs too much detailed know-
ledge of science for any attempt to be made here to

answer it. I think there are many slightly different

relations characteristic of laws ; the differences are

important and suggestive ; but they all agree in the

feature on which such stress has been laid already. They
may all be described as various forms of " invariable

association "
; and it is because they are all characterized
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by this invariability that they are capable of being

experienced by everybody, and consequently are capable

of that universal assent which makes them the proper

subject-matter of science.

Nevertheless, there is one particular form of relation

involved in laws which can be distinguished from others,

and on which emphasis may be laid once more. This

relation is that which characterizes what we have called

the law of the properties of a substance, or a kind of

system, the law, namely, which asserts that there is

such-and-such a substance or such-and-such a kind of

system, steel or magnets, for example. These laws, in

an elementary and imperfect form, are the earUest laws

of science, and they retain their pecuhar significance

through much of its consequent development. The
recognition that there are such laws, and that they are

laws just as much as others more generally recognized

and called by that name, enables difficulties to be over-

come which have troubled some of those who have tried

to explain the natiure of science. One of these difficulties

is connected with the " classificatory " sciences, such as

the older zoology and botany, or mineralogy. Such
sciences seem at first sight to state no laws at all ; they

simply describe the various animals, plants, or minerals,

and arrange them in groups according to their resem-

blances or differences, but do not state about them any
laws that are usually recognized as such. But, if such

sciences do not state laws, why are they regarded as

sciences ? We can answer now : They do state lavre

—

laws of the kind which asserts the properties of a kind of

system. In estabhshing that there is such an animal as a

cow and pointing out accurately its differences from a

sheep, or in investigating the differences between quartz
and rock-salt, zoology or mineralogy is discovering

laws, and laws of the kind that are of the most funda-

mental importance. The " classificatory " sciences differ
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from other sciences in that they confine themselves

to laws of this tjrpe and (in so far as they are completely
" classificatory ") do not base on them other laws of

other kinds.

To the student who, after reading this little book,

proceeds to the detailed study of one or more actual

sciences, the interesting problem is proposed of dis-

tinguishing between the different kinds of laws that are

characteristic of them ; for every science has its own
peculiarities in the features of its law. But we cannot

spend space on this inquiry ; we must now face a

different and more pressing problem.



CHAPTER IV

THE DISCOVERY OF LAWS

STATEMENT OF THE PROBLEM

FOR now, having decided what laws are and

what they state, we have to ask how they are

discovered. Laws state invariable associations

;

but how can we ever be sure that an association

is invariable ? We may have observed an association

many times, and have always found that if one of the

associated events or properties occurs, the other occurs

also ; bpt if the association is truly invariable, we must

know, not only that the association always has been found

in the past, but also that it always will be found in the

future. Moreover, even if we have found the association

every time in the past that we have looked for it, we
clearly cannot know that it has occurred when we have

not looked for it. The establishment that an association

is invariable and the assertion by a law that it is invariable

clearly require that we should be able to judge from the

observation of one or several occurrences of it all the

other occurrences that may happen or have happened.

How can we possibly attain such knowledge ?

One answer to this question is simply that we do not

know. We can never be certain that an event will

happen in the same way that we are certain that it has

happened. Indeed, there is a difference in the sense of

the word " know " applied to the twp cases—a difference

in sense which is reflected by the use of different words

in most languages. When I have actually experienced

an event I have a direct and immediate perception of

it which is different in kind, and not merely in degree,

from my belief, however confident, that it w^l happen

;

58
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it is not -merely that I have more knowledge of it, but

that the knowledge is of a different kind. It is utterly

impossible that I should have of the one event the

kind of knowledge which I have of the other. If we
are to discuss profitably the problem before us, we must
remember this difference. We must not seek of events

which have not happened, the kind of knowledge appli-

cable only to those which have happened. And again,

we must not seek the kind of knowledge—it is once more
a different kind—^tW we have of purely logical or

internal propositions. When I say that a black cat

is black, I am quite certain that the statement is true

because by " a black cat " I mean a cat that is black ;

to say that a black cat is not black is not untrue ; it

is meaningless. The knowledge that I have of the

truth of the statement is necessarily different from that

which I can have of the statement that there is such a

thing as a black cat or that all cats are black ; and the

differeiice is once more in the kind of knowledge and
arises from a difference in the kind of statement ; it is

not a difference in degree of certainty.

The problem would be expressed better if we merely

compared our knowledge of various future events and
asked why we are more certain that some will happen

than that others happen and how we arrive at this

superior knowledge, for then we are sure of comparing

always knowledge of the same kind. Of some future

events we are as certain as we can be in respect of know-

ledge of this Icind ; we are as certain as we can be that

the sun will rise to-morrow. It would be ridiculous to

say that we are not certain because we do not feel towards

that prediction the same mental attitude that we feel

towards the assertion that the sun rose to-day or the asser-

tion that to-day is not to-morrow. For, once more,

the difference in mental attitude necessarily arises

from the difference in the nature of the statements. All
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that we can ask relevantly is why we are as certain that

the sun wiU rise to-morrow as we can be of any future

event and why we are so much less certain that it will

not rain to-morrow.

It is obvious that our certainty in one case and our

uncertainty in the other are derived from our previous

experience of the happening of similar events, and that

the difference in knowledge is due to a difference in that

previous experience. Of course this statement does not

help us to solve our problem, for since laws are imdoubtedly

derived from previous experience, it is clear that it

is there that the foundation and evidence for them

must be found. But the form in which the problem has

been put enables us to avoid altogether a question to

which those who have discussed the matter have usually

devoted most of their attention. They have asked how
it is that previous experience gives any knowledge of

future experience and what justification there can be

for asserting in any case whatever that we have such

knowledge. The point of view that I tried to suggest

in the last few paragraphs is that this question is essen-

tially unanswerable because it is based on the neglect

of the fundamental distinction between different kinds

of knowledge. Our " knowledge " of future events

simply is something based on our knowledge of past

events ; when we say that we know something about

the future we only mean that we have a mental attitude

based on past experience ; and it is absurd to ask why
it is based on past experience, for, if it were not so based,

it would be something quite different. In my opinion

(though the reader should be warned that others would
dissent strongly) it can only lead to confusion of thought

to attempt to compare this knowledge with other kinds

of knowledge and to ask how they stand in relative

certainty. And yet some comparison of knowledge of

futmre events with other kinds of knowledge is always
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intended when it is asked how we have such knowledge

from experience of the past.

And because such a question is meaningless the answers

given to it are meaningless also. They always consist

in some attempt to prove from very abstract and obscure

premisses a doctrine called by the high-sounding title of

Uniformity of Nature ; it is argued that, for some reason

to be found in transcendental philosophy, nature must
be such that what is true of her in one part, in one region

of space or at one period of time, must be true of her in

any other part. But the value of such a doctrine depends

entirely on the meaning attributed to " natiire." If the

world means merely the non-human, external world of

common sense (as in Chapter II), then the doctrine is

simply untrue. Nature, in this sense, is not uniform

;

there are events which happen once and never happen
again ; and it is precisely because there are such events

that we distinguish between past and future. If it were

really true that " history repeats itself," there would be

no history ; history is the record of events which have

not repeated themselves and the proverb—^like almost

all proverbs—^merely represents an attempt to obtain,

by an epigrammatic form, credence for an assertion which

nobody would otherwise believe. It is true that many
events which do not so repeat themselves, and perhaps

the most important of these events, are characteristically

human and do not, therefore, form part of common-sense
" nature "

; but there are enough non-recurrent events,

which have nothing to do with man, to distinguish

between past and future and thus to controvert the

assertion that all nature is uniform in all its parts.

If, on the other hand, we mean by " nature " in this

connexion the carefully scrutinized nature of science,

then the doctrine merely states that nature is nature.

For this " nature " or external world of science is charac-

terized by and distinguished from everything else by the
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fact that it is uniform ; for, as we have seen, it is made up of

invariable associations concerning which universal agree-

ment can be obtained. Any part of experience that is

not uniform would not consist of invariable associations

and would be at once excluded from this closely regulated

nature. Indeed the problem before us is simply that

of how we distinguish the uniform from the non-uniform

parts of the nature of common sense, for that is our task

in establishing the relations which arfe asserted by laws.

To attempt to base a method of making the distinction

on the assumption that all nature is uniform is simply to

misunderstand the problem that is to be solved.

AN ATTEMPTED SOLUTION

After this clearing of the ground, we can attack the

problem. What is the feature of our previous experience

which makes us so certain that the " law " of the rising

and the setting of the sun asserts a truly invariable asso-

ciation and, consequently, that the sun will rise to-

morrow ? In answer every one would say that om: belief

is certain because we have observed the association an

immense number of times without observing any failure.

And doubtless this is the reason in this particular case,

but other instances suggest that the answer is not funda-

mental or complete. For there are instances in which

an association which has been found as invariable has

at length been broken ; and there are instances in which

a law is asserted confidently as the result of a single

observation, so that there has been no chance of proving

any invariability. The instance of the first kind that is

always quoted in these discussions is that of the black

swan. Until Australia was discovered, swans had been

found invariably to be white in a very large number of

observations, and natural historians would have been
justified in asserting, according to the principle suggested,

the law that all swans are white ; and yet the law was
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false, for some swans in Australia are black. Instances

of the second kind are plentiful in actual science. When
a chemist makes a new compound, he often determines

its melting-point or density ; as a result of a single

measurement he wiU often be prepared to assert that

its melting-point or density is higher (say) than that of

water, and nobody will dream of doubting that the asso-

ciation he asserts is invariable or that subsequent measure-

ments will lead to the same result.

These examples seem to prove that a large number of

favourable instances, even if without exceptions, is neither

sufficient nor necessary to establish a law. But at the

same time they suggest what is the additional element re-

quired. We have omitted to take into consideration other

laws closely similar to those that are under discussion.

The chemist is certain that, in measuring the njelting-

point of a new compound, he is establishing an invariable

relation, because from the examination of a great number
of other compounds he has found that the density is an
invariable property. On the other hand seventeenth-

century naturalists ought to have regarded with suspicion

a law that all swans are white (and probably they did

actually so regard it) because the examination of other

animals would have shown them that colour is by no

means an invariable property, but is liable to vary very

widely even among closely related species. In putting

the matter as we did, the fuU evidence was not disclosed.

The evidence for the invariable density of a new compound
is not the single measurement of it, but the general law

that all densities are invariable properties. This law is

established by the observation, not of a single instance

or of one or two, but of a very large number of instances,

in none of which the relation has been found to fail.

The evidence for the assertion of the law of the density

of the new substance is really of exactly the same nature

as that for the rising of the sun to-morrow.
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This mode of expressing the matter is probably not

quite correct ; for closer examination would show that

it is difficult to regard the assertion that density (unlike

colour) is an invariable property as a true law. It would

be better to say that there are certain associations (such

as that of density or melting-point with the other pro-

perties of a substance) which, if they occur at aU, we expect

to be invariable. In other words, we expect to find laws

of certain forms, and if we find an observation which

might be a particular instance of a law of one of these

forms, we are much more ready to jump at once to the

conclusion that this law is indeed true than we should

be if the law, of which the observation would be a

particular instance, is not of one of these forms. And
one of the reasons why we expect such laws is that

we have previously found a large number of them

;

however, as we shall see presently, this is not the only

reason.

THE ELASTICITY OF LAWS

But our answer is not complete yet. If this were all,

I think we should feel far more uncertainty than we
actually do feel about most of our laws. However many
favourable instances we had observed, if we felt that a
single unfavourable instance,[if it occurred, would destroy

the law, we should never be free from uneasiness. The
contrary instance might occur ; we might go to our
laboratory one morning and find that the density of some
substance which we had measured the day before was now
quite different. Our confidence in the law is largely based
on the fact that such an unfortunate incident would not
necessarily destroy our belief in the law.

This statement may be surprising. Surely if a law
states that some relation is invariable ; and if, as we pro-
fessed in Chapter III., we are going to be really strict in

our interpretation of invariability, then a single contrary
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instance must destroy the law. For an association which
has failed once, even if it has not failed a million times,

is not strictly invariable. True ; but what exactly is

the association we are asserting ? We are asserting that

a certain density is invariably associated with a certain

substance. If we find a new density we cannot maintain

the invariable association if we attribute it to the same
substance as that to which the old density was attributed.

But why should we not attribute it to a new substance ?

If we try the experiment over again and find that we do
not get the same result as before, what is to prevent us

avoiding any discrepancy between the two experiments

by simply saying that they are not made on the same
substance ?

Indeed this way out of the difficulty has been adopted

implicitly in the case of the black swan. Since we have
known of black swans, we do not say that there are not

white swans ; we recognize two kinds of swans, one of

which is black and the other white. Nor do we recognize

any error in the assertion, by those who did not know of

black swans, that all swans are white. All the swans
that they knew anything about were white and have
always remained white. The apparent difficulty arose

only because the new birds were called swans. If we
confine that term to the birds which were originally called

swans, any law about swans is quite unaffected by the

discovery of birds which resemble swans in some respects,

but which, since they are not wholly the same, should

not be called swans.

But, it may be urged, the case is not really parallel to

that which we must suppose if we want to face the

difficulty fairly. Black swans differ from white in other

things than their colour, so that there is a reason quite

apart from their unexpected colour for distinguishing

them from white swans. Again, even after the discovery

of black swans, white swans could still be found. But
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suppose—^we will return now to the instance of density

—

that when we re-determined the density and found it

changed, we could not detect any change in any other

property of the substance and that we could not find

a substance which, resembling this substance in all other

respects, had the density found in the first experiment,

could we then maintain the invariability of the associa-

tion ? WeU, it would doubtless be very awkward and
men of science would get into a fever of excitement, but

they could maintain their law. For the supposition that

nothing had changed between the two experiments is

impossible to realize ; the mere fact that a previous

experiment had been made and that the second experi-

ment had been made after the first is sufficient to make
some change between the two. Of course our usual

conception of a substance excludes the idea that such

changes—a mere repetition of a measurement or the mere
lapse of time—could change its properties and make it a
new substance ; we should have to alter ovir conception

of a substance. But that conception has been already

altered so greatly since it was taken over from common
sense that there would be no impossibility and no insuper-

able inconsistency in maintaining that, since we made
the first experiment, the substance on which we made it

had vanished from our ken and been replaced by some
other substance, which might naturally enough have a
different density.

Indeed we should have to maintain something of the

kind, for, whatever we might do, the fact would remain
that we have observed two densities which cannot be those

of the same substance and cannot be asserted by the same
law. Either we must include the two observations

under different laws, or we must leave one (or both)

of them outside laws altogether. We adopt this last

alternative if we regard the first measurement simply
as a mistake ; a mistake is something that is excluded
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necessarily from the subject-matter of science and to

which, therefore, a law can have no reference. It is

quite possible that, if such a case as we are imagining

actually occurred, we should adopt this course ; but

it must be remembered that we might adopt the other

and remove the discrepancy, not by rejecting the obser-

vation, but by stating two laws. Which alternative

we shall adopt depends" on all the circumstances, and
here it is convenient to note why the observation of a

very large number of favourable instances is important

in the establishment of a law. If we have based a law

on a large number of instances, and subsequently find

other instances apparently discrepant, then, if, when
we choose between the alternatives just mentioned, we
reject the law, we place aU these large number of obser^

vations outside the province of science. And this we
are loath to do ; we want to reduce as much as possible

of our experience to order by means of laws, and the

rejection of the whole of our past experience as one

great " mistake," accords ill with that purpose. When
we have ordered a very large number of instances by
means of a law, we shall want to maintain that law at

all hazards ; and we shall be much more willing to

introduce other laws to include instances apparently

discrepant, and so to avoid the necessity of rejecting

the material on which the original law was based, than

we should be if we have only ordered a very small number
of instances.

THE PURPOSE OF LAWS

It will be seen that in this discussion the question from

which it started has almost been left out of account.

We asked how we managed to establish laws, by the

examination of our past experience, which were true

also for future experience. - The considerations that

have been put forward suggest that this problem is not
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answered, but is hardly contemplated at all, in the

actual discovery of laws. When we are seeking laws,

we are only thinking about the experience that we have

actually had ; and the problem which we seek to solve

is one that has reference only to that experience. We
seek to order the experience, to change it from a miscel-

laneous collection of apparently unconnected observa-

tions to a connected series of particular instances of

a few wide principles. These principles by means of

which, and in terms of which, we order our past experience

are laws ; they state, as has been said so often before,

associations between events and properties which have

proved in our past experience to be invariable. It is

because the associations have proved invariable through-

out this experience that by means of them we can order

the experience as many particular instances of a few

principles. When our experience is increased by the

addition of observations which were future but are now
past, we seek once more to order in the same manner our

increased volume of experience ; but in this increased

volume all experience is of equal value, that which was
future is in no way different from that which was past,

for all is now past. It may happen that the order estab-

lished for the original experience is equally valid for that

which we now have ; the portion that is added can again

be regarded as particular instances of the laws which
were established as a result of the original experience.

And if that happens, we have no reason to change our

laws. But if that does not happen, if the laws estab-

lished for the original experience do not prove valid when
the volume of it is increased, then we have two
alternatives. We may either reject altogether the

added experience and say that it is not proper subject-

matter for science, or we may alter sUghtly (or radically)

our laws, so that they now order satisfactory both the

old and the new. If we adopt the second alternative.
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the new laws propounded must still be such that they

order the old experience, and they must therefore present

some features of great similarity to the old laws. Which
of the two alternatives we shall adopt depends upon
which method leads to the most satisfactory ordering of

the complete experience. For this reason the first

alternative is never adopted if the second is available

;

for it means that we must leave unordered a portion of

experience which we thought could be ordered.

This is, I believe, the attitude that is actually adopted

by men of science in establishing laws. And if that is

so, the conception of prediction does not enter into exphcit

consideration at all. We do not try to find laws that

wiU predict ; we only try to find laws that will order the

experience that we have. It is possible to adopt that

attitude because, although we know that we shall have

future experience which has not been taken into considera-

tion, that future experience can never force us to abandon
the ground we have gained and to " disorder " the order

that has been established. Whatever the experience

may be, it will be possible either to order the increased

volume of experience, or else to reject altogether from the

subject-matter of science some portion of it, leaving only

the remainder to be ordered.

THE VALUE OF LAWS

But to the practical man that attitude will not seem

very satisfactory. It appears to deprive science of all

objective value. If scientific laws are true, only because

they can always be re-interpreted so that nothing can

prove them false, then science is merely a childish game
unworthy of the attention of any serious man. If, when
science asserts that the sun will rise to-morrow, it only

means that, if the sun does not rise, we propose to alter

somewhat our laws of the solar system, science is mere

trifling. What the plain man means by that assertion
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is that the sun will rise and that the expectation of its

rising is a sound basis for the conduct of hfe ; he does

not mean something that can be made true or false just

as we please. It was all very well—I can hear an objector

say—to insist at the beginning of the chapter that we
can have no " knowledge " of future events ; it is undeni-

able that we have some kind of knowledge which we
habitually use in our practical hfe ; and if the only kind

of knowledge that science admits is a determination never

to be proved wrong, then we must seek elsewhere for the

information that undoubtedly is to be had.

Of course, I do not deny all this ; and now I shall

try and show how the two points of view may be recon-

ciled. Men of science, though they pay no direct atten-

tion to prediction, are not really indifferent to the success

of their predictions, interpreted in accordance with the

plainest common sense. If their predictions always

failed, it would mean that each_ addition to experience

would mean a new ordering of the whole. This ordering

doubtless could be accomplished in some fashion, but it

would have no value. The achievement of science would
be hke that of Penelope, who wove a cloth that she

unravelled each night and started afresh each morning.

If all our predictions were failures, we could, I suppose,

continue our task of ordering experience, but no sane

man would do so. Science is only worth while because

it does make real progress. The ordering estabhshed for

past experience is on the whole vahd for future experience.

The exceptions are comparatively few, and, even when
they occur, it is found that the alteration of the order

is so sUght—^it is often only a natiu^al development of the

old order—^that the necessity for repeating the tcisk is

not wearisome. Time unravels, not the whole web, but
only a few minor portions in which the shuttle has gone
awry. Scientific laws do predict exactly in the manner
which the plain man desires ; and it is really as necessary
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for the purposes of science that they should do so as for

the purposes of practical life.

THE FUNDAMENTAL QUESTION

But why do they predict ? We return once again to

the question which we cannot avoid. The final answer

that I must give is that I do not know, that nobody knows,
and that probably nobody ever will know. The position

is simply this. We examine our past experience, and
order it in a way that appears to us most simple and satis-

factory ; we arrange it in a manner that is dictated by
nothing but our desire that the world may be intelligible.

And yet we find that, in general, we do not have to alter

the arrangement when new experience has to be included.

We arrange matters to our liking, and nature is so kind
as to recognize our arrangement, and to conform to it

!

If anyone asks, Why, what kind of answer can we possibly

give ; how can we explain why the universe conforms to

our intellectual desires ?

Here we inevitably touch upon profound problems,

which lie far beyond the scope of this little book. I can

only say that, for myself, none of the answers that have
been offered seem satisfactory explanations, or even

explanations at all ; they raise more questions and more
difficult questions than they answer. But it may be

well to draw attention to two considerations that have to

be taken into account in any discussion of the matter.

The first has been mentioned several times before. It

must always be remembered that science does not

attempt to order all our experience ; some part of it,

and the part perhaps that is of most importance to us as

active and moral human beings, is omitted altogether

from the order. And it is very hard to say whether

we omit it because we know that we cannot order

it in the same manner as that which forms the
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proper subject-matter of science, or because we feel

instinctively that, even if we could force it into such

an order, that order would not be appropriate to it.

I incline to the second alternative ; it seems to me
that there is something so fundamentally different

in the internal and external worlds (of Chapter II) that

we would not, even if we could, group them in the same
categories. But whichever alternative we adopt, it

remains equally difficult to explain why even the limited

part of experience which science takes as its province

conforms so closely to our desires, or why there should

be a part which can be selected so that it conforms.

The other consideration arises when it is asked who are

the " we," to whose intellectual desires nature conforms.

It is a grave difficulty, inherent in all the many attempts

to lay down rules whereby science may discover laws

vaUd for future experience, that they would indicate

that anybody who knew the rules could discover laws.

But that is not the fact ; it is not every one who has that

power. Indeed the fact seems to be precisely contrary.

Those who have professed the most intimate knowledge

of the rules, the great philosophers of science, such as

Bacon or Mill, have never been able to apply their rules

to the discovery of any law of the slightest value. Laws
have been discovered for the most part by people naively

innocent of all philosophical subtleties. The great man
of science, like the great poet or the great artist, is born
and not made ; like the artist he must train his faculties,

but training alone will not confer them. The vast majority
of mankind (a majority which includes a great many of

those who have done useful scientific work) cannot
discover laws, except in so far as they are helped, in a way
we shall notice immediately, by the previous work of an
infinitesimal minority. Either they cannot see order in

experience at all, or the order which they think they see

does not prove to be that to which nature is prepared to
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conform ; they do not discover laws, or the laws that

they discover predict falsely. It is only the great leaders

of science who see the right order. They, and they only,

can establish an order which satisfies their intellectual

desires and yet find that it is valid for the future as well

as for the past. They, and they only, are in such har-

mony with the universe that it obeys the dictates of

their minds.

THE SIGNIFICANCE OF GENIUS

I fear this point of view will seem to some readers too

mystical for their tastes. Nevertheless I would press it

strongly on their attention. Of course I do not claim in

the least that it explains why laws, devised even by the

greatest of men, do predict, but it is neceSsary for the

understanding of science, as much as for the understand-

ing of art, to recognize that there are great men who
surpass their fellows in some scarcely comprehensible

manner. Science would not be what it is if there had
not been a Galileo, a Newton or a Lavoisier, any more
than music would be what it is if Bach, Beethoven and
Wagner had never lived. The world as we know it is •

the product of its geniuses—^and there may be evil as well

as beneficent genius—^and to deny that fact, is to stultify

all history, whether it be that of the intellectual or the

economic world.

But in one, as in the other, genius itself is too rare and
too short-lived to achieve much by its unaided efforts.

Great men—and this is particularly true of the greatest

—

achieve more by their influence than by their direct action.

They change the world by enabling others to complete

what they have themselves begun. And in no direction

is this more true than in science. By far the greater

part of scientific work has been done, and by far the

greater number of laws discovered, by those of us who
have not the remotest claims to genius or any but the
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very pedestrian talents of energy and application. But

we are simply following in the footsteps of our masters.

In Chapter III we noticed that there were standard

forms of laws ; there are many laws, all quite distinct and

ordering quite different groups of fact, which are yet

obviously all of the same form. The laws asserting the

properties of a substance, provide a notable example ;

there are many substances, but the laws which assert

that there are such substances have all the same form.

The properties of hydrogen, which are asserted by the

law that there is such a thing as hydrogen, are quite differ-

ent from the properties of iron, asserted by the law that

there is such a thing as iron ; yet the laws are of the same

form. Now once we have got the idea that there are laws

of this form, it is a comparatively simple problem, which

can be solved more or less according to fixed rules, to

establish the laws of a new substance or, by finding new
properties, to alter or augment an old one. And we
do know now that laws of this particular form are among
those to which nature wiU conform, and which can be

usefully applied in prediction. The stroke of genius was

that of the man who first suggested a law of that form ;

once he had suggested it and showed that such a law is

permanently valid, it was easy enough for others to take

up the work and find others of the same form.

The discovery of the laws of substances is hidden in

the darkness of the past ; they are among the ideas which

we take over from common sense, and were invented by
the unknown giants who laid the basis of human know-
ledge. But advances quite as important, the discovery

of other forms of laws which have been used by the

humbler folk who do the spade-work of science, such

advances have occurred in historic times. Certain great

men are recognized as the founders of certain branches

of science, and if we inquire why they are so regarded,

we shall usually find (but another reason will be found in
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the next chapter) that they were the first to establish a
law of the form that is specially characteristic of that

science. Thus of physics, numerical laws (which we shall

discuss later) are especially characteristic ; Galileo was
the first to establish a numerical law of the type of which
almost all modern physics consists ; nine-tenths of the

work of later physicists in the discovery of laws has been

simply the extension of laws of Galileo's form to other

fields of experience. GaUleo may fairly be hailed as the

founder of experimental physics. Other great men have
so changed or ampUfied the form, that their work ranks

as independent—Boyle, and Ampere may claim place in

this class ; but again their fame rests largely on the dis-

covery of a new t3rpe of law which has been simply

applied elsewhere by lesser men. Of other sciences I am
not competent to speak, but if Lavoisier is the founder

of modern, chenaistry it is because he first estabUshed a

law of the form that asserts chemical combination ; and
if Linnaeus is the founder of systematic botany, it is

because he first established a law of the form that asserts

the existence of a particular species of plant.

-This then is really the solution of the main question

of this chapter, as it faces the practising student of science.

He believes that if he can discover a law of a certain

form and order his experience in a certain way then that

law wiU predict and nature wiU conform to that order.

And so far, at least since the seventeenth century, his

expectation has never been falsified ; I believe that in

the history of modern science there is no instance of the

abandonment of a type of law which has once been firmly

established. Progress has been continuous ; it has con-

sisted in the estabUshment of many laws of old types, and
very occasionally, in the introduction of new types.

Even when at first sight experience has contradicted ex-

pectation, it has always been possible (as in the example of

the black swan) to remove the contradiction by resolving
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a law of one of these types into several laws of the same

t3rpe, or by changing it to a law of another known type.

And what are these types ? To answer that question

would be to expound all science ; I want only to encour-

age the reader to study science for himself and to find

the types. But I have already indicated some of the

more important types, such as the law of a substance,

the law of a particular kind of animal and the numerical

law ; and it has been urged that all these laws have the

important common feature that the things between which

they assert invariable associations are themselves inter-

connected by other laws. Those who have previously

read in the philosophy of science will be surprised that

the causal law is omitted, but the reasons of the omission,

were given in the previous chapter. In physics, at least,

it is not an important type, though it possibly may be

in other sciences, such as meteorology and medicine. And
by omitting the causal laws, we can omit also all reference

to the " Canons of Induction " which were supposed by
an earlier generation to provide the one and only means
for discovering scientific laws. They are futile, because

the problem which they profess to solve is not one which
has ever troubled any intelligent person. They tell us

how, when we Icnow that an event is the cause or effect

of another, we may discover of which other event it is

the cause or the effect ; as a matter of fact, the crudest

common sense, appUed in everyday life, serves for the

purpose. We might similarly draw up canons for dis-

covering of what substance a given property is a property,

when it is once known that it is a property of some sub-

stance ; but here again the rules would be so obvious as

not to be worth formulating. The problem of science is

not to discover examples of laws when once we know what
kind of law to look for ; it is to know for what kind of law
to look. And that problem, as we have insisted before,

is insoluble except by the genius which knows no rule.



CHAPTER V

THE EXPLANATION OF LAWS

THROUGHOUT the previous chapter I wrote as if

the ordering of nature which is effected by laws was
all that was necessary to satisfy our intellectual

desires and so to fulfil the purpose of science. But really

when we have discovered laws, we have fulfilled only part

of the purpose of science. Even if we were sure that all

possible laws iiad been found and that all the external

world of nature had been completely ordered, there would
stiU remain much to be done. We should want to explain

the laws.

Eg^anation in general is the expression of an assertion
in a^more acceptable and satisfactory form. Thus if

somebody speaks to us in a language we do not under-

stand, either a foreign language or the technical language

of some study or craft with which we are not familiar,

we may ask him to explain his statement. And we shall

receive the explanation for which we ask if he merely

alters the form of his statement, so as to express it in

terms with which we are familiar. The statement in

its new form is more acceptable and more satisfactory,

because now it evokes a definite response in our minds
which we describe by saying that we understand the

statement. Again we sometimes ask a man to explain

his conduct ; when we make such a demand we are

ignorant, or pretending to be ignorant, of the motives

which inspired his action. We shall feel that he has

offered a complete explanation if he can show that

his motives are such as habitually inspire our own
actions, or, in other words, that his motives are familiar

to us.

77
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But expressions, or the ideas contained in them, may
be more acceptable and more satisfactory, on grounds

other than their familiarity ; and all explanations do

not consist of a reduction of the less to the more familiar,

Indeed it would seem that the explanations which, in

the view of the man in the street, it is the business of

science to offer do not involve familiar ideas at all. Thus

we may expect our scientific acquaintances to explain

to us why our water-pipes burst during a frost or why
paiat becomes dirty sooner in a room lit by gas than in

one lit by electricity. We shall be told in reply that the

bursting of the pipes is due to the expansion of water

when it is converted into ice, and the blackening of the

paint to the combination of the white pigment with

sulphur present in coal-gas to form compounds that are

dark, and not white, in colour. Now in these instances,

the ideas involved in the explanation are probably less,

and not more, familiar than those that they are used to

explain. Many more people know that water-pipes burst

during a frost than know that water (unhke most liquids)

expands when it freezes ; and many more know that

their paint goes black than know that lead carbonate

(one of the commonest white pigments) is converted by
sulphur into black lead sulphide.

Why then do we regard our questions as answered ?

Why do we feel that, when we have received them, the

matter is better understood, and our ideas on it clearer

and more satisfactory ? The reason is that thfcjMzents

and xhanges haJize-beeiL_explainprl |
>y hwrig gTin^»m tr> Vip

r3rtiViilar_£xgTTT|2lfs._of a [^^pupral law Water always

expands when it freezes, although it does not always burst

household pipes ; for it may not be contained in pipes or

in any closed vessel. And lead carbonate always reacts

with sulphur in the form present in coal-gas, even if it is

not being used as a pigment. We feel that our experience

is no longer peculiar and mysterious ; it is only one
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instance of general and fundamental principles. It is

one of the profoundest instincts of our intellectual nature

to regard the more general principle as the more ultimately

acceptable and satisfactory ; it is this instinct which led

men first to the studies that have developed into science.

In fact, what was called in the last chapter the
" ordering " of experience by means of laws might equally

well have been called the explanation of that experience.

Laws explain our experience because they order it by
referring particular instances to general principles ; the

explanation wUl be the more satisfactory the more general

the principle, and the greater the number of particular

instances that can be referred to it. Thus, we shall feel

that the bursting of the pipes is explained more satis-

factorily when it is pointed out that the expansion of

water when converted into ice explains also other

common experience, for instance that a layer of ice

forms first on the top of a pond and not on the bottom.

Doubtless there are other kinds of explanation ; but

it is important for our purpose to notice that the explana-

tions of common life often depend on these two principles

—^that ideas are more satisfactory when they are more
familiar and also when they are more general ; and that

either of these principles may be made the basis of an
explanation.

When it is asked what is the nature of the scientific

explanation of laws—and it is the purpose of this chapter

to answer that question—it is usually replied that it is

of the second kind, and that lawp arp. fivplaiTifH by
being shown to be particular examples of more general

laws. On this view the explanation of laws is merely an

extension of the process involved in the formulation of

laws ; it is simply a progress from the less to the more
general. At some stage, of course, the process must
stop ; ultimately laws so general will be reached that,

for the time being at least, they cannot be included under
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any more general laws. If it were foiuid possible to

include all scientific laws as particular instances of one

extremely general and universal law, then, according

to this opinion, the purpose of science would be com-

pletely achieved.

I dissent altogether from this opinion ; I think it leads

to a neglect of the most important part of science and to

a complete failure to understand its aims and develop-

ment. I do not beheve that laws can ever be explained

by inclusion in more general laws ; and I hold that, even

it were possible so to explain them, the explanation would

not be that which science, developing the tendencies

of common sense, demands.

The first point is rather abstruse and wiU be dismissed

briefly. It certainly seems at first sight that some laws

can be expressed as particular instances of more general

laws. Thus the law (stating one of the properties of

hydrogen) that hydrogen expands when heated seems

to be a particular instance of the more general law,

that aU gases expand when heated. I think this appear-

ance is merely due to a failure to state the laws quite

fully and accurately, and that if we were forced to state

with the utmost precision what we mean to assert by a law,

we should find that one of the laws was not a particular

case of the other. However, I do not wish to press this

contention, for it will probably be agreed that, even if

we have here a reference of a less general, to a more
general law, we have no explanation. To say that all

gases expand when heated is not to explain why hydrogen
expands when heated ; it merely leads us to ask immedi-
ately why all gases expand. An explanation which leads

immediately to another question of the same kind is no
explanation at all.
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WHAT IS A THEORY ?

How then does science explain laws ? It explains

them by means of " theories," which are not laws,

although closely related to laws. We will proceed at

once to learn what a theory is, and how it explains laws. ^

For this purpose an example is necessary, even though
its use involves entering more into the details of science

than is our usual practice. A great many laws are known,
concerning the physical properties of all gases ; air,

coal-gas, hydrogen and other gases, differ in their chemical

properties, but resemble each other in obeying these

laws. Two of these laws state how the pressure, exerted

by a given quantity of gas on its containing vessel, varies

with the volume of the vessel, and with the temperature

of the gas. Boyle's Law states that the pressure is

inversely proportional to the volume, so that if the volume
is halved the pressure is doubled ; Gay-Lussac's states

that, at a constant volume, the pressure increases propor-

tionally to the temperature (if a certain scale of tempera-

ture is adopted, slightly different from that in common
use). Other laws state the relation between the pressure

of the gas and its power of conducting heat and so on.

AU these laws are " explained " by a doctrine known as

the Dynamical Theory of Gases, which was proposed early

in the last century and is accepted universally to-day.

According to this theory, a gas consists of an immense

number of very small particles, called molecules, fljnng

about in all directions, colliding with each other and with

the waU of the containing vessel ; the speed of the flight

of these molecules increases with the temperature ; their

1 The reader should be warned that he must remember that the
word " theory " is here used in a strictly technical sense of which the
meaning is about to be explained. He must not attach to it any of the

ideas associated with the word in ordinary language. In Chapter VIII
some reference will be made to the use of " theory " in contra-distinction

to " practice."
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impacts on the walls of the vessel tends to force the walls

outwards and represent the pressure on them ; and by

their motion, heat is conveyed from one part of the gas

to another in the maimer called conduction.

When it is said that this theory explains the laws of

gases, two things are meant. The first is that if we
assume the theory to be true we can prove that the laws

that are to be explained are true. The molecules are

supposed to be similar to rigid particles, such as marbles

or grains of sand ; we know from the general laws of

d5niamics (the science which studies how bodies move
under forces) what wiU be the effect on the motions of

the particles of their coUisions with each other and with

the walls ; and we know from the same laws how great

will be the pressure exerted on the walls of the vessel

by the impacts of a given number of particles of given

mass moving with given speed. We can show that par-

ticles such as are imagined by the theory, moving with

the speed attributed to them, would exert the pressure

that the gas actually exerts, and that this pressure

would vary with the volume of the vessel and with the

temperature in the manner described in Boyle's and Gay-

Lussac's Laws. In other words, from the theory we can

deduce the laws.

This is certainly one thing which we mean when we
say that the theory explains the laws ; if the laws could

not be deduced from the theory, the theory would not

explain the laws and the theory would not be true. But
this cannot be all that we mean. For, if it were, clearly

any other theory from which the laws could be deduced,

would be equally an explanation and would be equally

true. But there are an indefinite number of " theories
"

from which the laws could be deduced ; it is a mere
logical exercise to find one set of propositions from which
another set will foUow ; and anyone could invent in a few
hours twenty such theories. For instance, that the two
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propositions (i) that the pressure of a gas increases as the

temperature increases (2) that it increases as the volume

decreases, can be deduced from the single proposition

that the pressure increases with increase of temperature

and decrease of volume. But of course the single pro-

position does not explain the two others ; it merely states

them in other words. But that is just what logical deduc-

tion consists of ; to deduce a conclusion from premisses

is simply to state the premisses in different words, though

the words are sometimes so different as to give quite a

different impression. ^ If all that we required of a theory

was that laws could be deduced from it, there would be

no difference between a theory which merely expressed

the laws in different words without adding anything

significant and a theory which, Uke the example we are

considering, does undoubtedly add something signifi-

cant.

It is clear then that when we say the theory explains

the laws we mean something additional to this mere
logical deduction ; the deduction is necessary to the

truth of the theory, but it is not sufficient. What else do

we require ? I think the best answer we can give is that,

in order that a theory may explain, we require it—to

explain ! We require that it shall ajcl tn n^^r irlfi^s, and
that the ideas which it adds shall be acceptable. The
reader will probably feel that this is true of the explana-

tion of the properties of gases offered by the dynamical

theory. Even if he did not know (and he probably does

not know apart from what I have just told him) that the

laws can be deduced from the theory, he would feel that

the mere introduction of moving particles and the sugges-

- tion that the properties of a gas can be represented as

due to their motion would afford some explanation of

those properties. They would afford some explanation,

' The reader should be warned that some people would dissent
vehemently from this assertion.
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even if the laws could not be deduced correctly ; they

would then offer an explanation, although the explanation

would not be true.

And this is, I believe, the reason why he would feel thus.

Only those who have practised experimental physics,

know anjrthing by actual experience about the laws of

gases ; they are not things which force themselves on

our attention in common life, and even those who are most

familiar with them never think of them out of working

hours. On the other hand, the behavioiu: of moving

solid bodies is familiar to every one ; every one knows
roughly what will happen when such bodies coUide with

each other or with a solid wall, though they may not

know the exact djoiamical laws involved in such reactions.

In all our common Ufe we are continually encountering

moving bodies, and noticing their reactions ; indeed,

if the reader thinks about it, he will realize that whenever

we do anything which affects the external world, or when-

ever we are passively affected by it, a moving body is

somehow involved in the transaction. Movement is

just the most familiar thing in the world ; it is through

motion that ever5^hitig and anjrthing happens. And so

by tracing a relation between the unfamiliar changes

which gases undergo when their temperatiure or volume

is altered, and the extremely familiar changes which

accompany the motions and mutual reactions of soMd

bodies, we are rendering the former more intelligible

;

we are explaining them.

That is to say, the explanation of laws offered by
theories (for this example has been offered as tjrpical)

is characteristically explanation of the first of the two
kinds with which the chapter started. It is explana-

tion by greater familiarity, essentially similar to that

offered when a statement is translated from an unknown
to a known language. This conclusion may be surprising,

and indeed it is not that generally advanced. Before
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developing our view further, it will be well to examine
the matter from another point of view.

DIFFERENCE BETWEEN THEORIES AND LAWS

It was stated before that it has been usually held that

the explanation of laws consists in showing that they are

particular examples of more general laws. If this view

were applied to the example under discussion, it might
be urged that the dynamical theory explains the properties

of gases because it shows that they are particular

examples of the laws of dynamics ; the properties of

gases are explained because they are shown to be the

consequences of the subjection of the molecules, of which
the gases consist, to the general laws of all moving bodies.

Here, it might be said, is the clearest possible instance of

explanation by generalization, a simple extension of the

process involved in the discovery of laws.

But, against this view, it must be pointed out that the

most important feature of the theory is not that it states

that molecules are subject to dynamical laws, but that

which states that there are such things as molecules, and
that gases are made up of them. It is that feature of the

theory which makes it a real explanation. Now this

part of the theory is not a particular instance of any more
general law ; indeed it is not a law or anything that could

be an instance of a law. For it is not, according to the

criterion laid down in Chapter II, part of the proper

subject-matter on which science builds its foundations.

Molecules are not things which we can see or feel ; they

are not, Uke the ordinary material bodies to which the

laws of d3niamics are known to apply, objects discernible

to direct perception. We only know that they exist

by inference ; what we actually observe are gases, vary-

ing in temperature and pressure ; and it is only by these

variations that we are led to suspect the existence of the
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molecules. We may apply once more our fundamental

test of tmiversal agreement which serves to distinguish

the objects concerned in laws from any others. If some-

body denied the existence of molecules, how could we
prove him wrong ? We cannot show him the molecules ;

we can only show him the gases and expound the theory ;

if he denied that the theory proved the existence of the

molecules, we should be powerless. We caniiot prove

by his actions that he is perverse or deluded ; for his

actions wiU be affected only by the properties of gases,

which are actually observed, and not by the theory intro-

duced to explain them. Actually the dynamical theory of

gases has been denied by men of science of high distinc-

tion. Usually the denial was based partly on the asser-

tion that the laws of gases could be deduced accurately

from the theory, but it has often been accompanied by
the contention that, even if they could be deduced

accurately, the theory was not true, and not worthy of

acceptance. No denial of that case would be possible

if the theory were indeed a law. '

We conclude therefore—and the conclusion is vital

to the view of science presented here—^that a theory is

not a law, and consequently, that the explanation afforded

by a theorycannot simplybe the explanation bygeneraliza-

tion which consists in the exhibition of one law as a par-

ticular instance of another. It does not follow that

theories have nothing to do with laws, and that it is

immaterial for the theory that the laws of dynamics
are true, and of very great generahty. We shall see

presently that this feature is of great importatj^e. But
it does not involve that the theory is itself a law.

THE VALUE OF THEORIES

After this protest against a dangerous misunderstand-

ing, let us return and develop further our view of theories.
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So far the truth of a theory has been based on two
grounds ; first, that the .laws to be explained can, be

deduced from it ; second, that it £eall^i_explain£.itL-tiie

sense that has been indicated. But actually there is in

addition, a third test of the truth of a theory, which is

of great importance ; a true theory will not only explain

adequately the laws that it was introduced to explain

;

it will akn prfidirt dP<^ pvplain in aHvanrp lawn which Were

unlaiawn—befoxe. All the chief theories in science (or

at least in physics) have satisfied this test ; they have

all led directly to the discovery of new laws which were

unsuspected before the theory was proposed.

It is easy to see how a theory may predict new laws.

The theory, if it is worthy of consideration at all, will

be such that the old laws can be deduced from it. It may
easily be found on examination that not only these laws,

but others also can be deduced from it ; so far as the

theory is concerned, these others differ in no way from the

known laws, and if the theory is to be true, these laws

that are consequences of it must be true. As a matter of

fact, it is very seldom that a theory, exactly in its original

form, predicts any laws except those that it was proposed

to explain ; but a very small and extremely natural

development of it may make it predict new laws. Thus,

to take our example, in order to explain the laws (Boyle's

and Gay-Lussac's) to which the theory was originally

applied, it is unnecessary to make any assumption' about

the size of the molecules ; those laws can be deduced from

the theory whatever that size (so long as it is below a

certain Ijmit) and the assumption wis at first made for

simplicity that the molecules were mathematical points

without any size at all. But obviously it was more
natural to assume that the molecules, though extremely

small, 1 have some size and once.that assumption is made,

1 If a drop of water were magnified to the size of the earth, the
molecules would be about tlfe size of cricket balls.
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laws are predicted which had not been discovered at

the time and would never have been suspected apart

from the theory. Thus, it is easy to see that, if the

molecules have a definite size, the behaviovn: of a gas,

when the number of molecules contained in a given vessel

is so great that the space actually occupied by the mole-

cules is nearly the whole of the space in the vessel, will

be very different from its behaviour when there are

so few molecules that practically all that space is unoccu-

pied. This expectation, a direct result of the theory, is

definitely confirmed by experiments which show a change

in the laws of a gas when it is highly compressed, and all

its molecules forced into a small volume.

This test of predicting new and true laws is always

applied to any theory when it is proposed. The first

thing we do when anyone proposes a theory to explain

laws, is to try to deduce from the theory, or from some
slight but very natural development of it, new laws,

which were not taken into consideration in the formulation

of the theory. If we can find such laws and prove by
experiment that they are true, then we feel much more
confidence in the theory ; if they are not true, we know
that the theory is not true ; but we may stOl believe that

a relatively slight modificatibn will restore its value. It

is in this way that most new laws are actually suggested

for the purposes discussed in the previous chapter. At
the present time, in the more highly developed sciences,

it is very unusual for a new law to be discovered or sug-

gested simply by making experiments and observations

and examining the results (although cases of this character

occur from time to time) ; almost all advances in the

formulation of new laws follow on the invention of theories

to explain the old laws. Indeed it hais been urged that

the only use of theories is thus to suggest laws among,
which some will be found to be true. This opinion has

been much favoured by philosophers and mathematicians
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and has always been accompanied by the opinion that it

is the end and object of science to discover laws. It

has also been professed (especially at the end of the

nineteenth century) by people who know something about

science and actually practised it ; but I think that these

people only professed the view because they were afraid

what the philosophers might say if they denied it. At
any rate, for myself, I cannot understand how anybody
can find any interest in science, who thinks that its task

is completed with the discovery of laws.

For the explanation of laws, though it is formally quite a

different process from the discovery of laws, is in its object

merely an extension of that process. We seek to discover

laws in order to make natmre intelligible to us ; we seek

to explain them for exactly the same reason. The end
at which we are aiming in one process as in the other is

the reconciliation with out intellectual desires of the

perceptions forced on us by the external world of nature

What possible reason can be given for attaching immense
importance to one stage in the process and denying aU
intrinsic importance to another ? Surely so long as

anything remains to be explained it is the business of

science to continue to seek explanations.

THE INVENTION OF THEORIES

And here again arises obviously a question very similar

to that discussed in the previous chapter. A theory, it

has been maintained, is some proposition which satisfies

these conditions : (i) It must be such that the laws which

it is devised to explain can be deduced from it
; (2) it

must explain those laws in the sense of introducing ideas

which are more familiar or, in some other way, more
acceptable than those of the laws ; (3) it must predict

new laws and these laws must turn out to be true. Of

course we have to ask now how such theories are to be
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founi ; we might find theories to satisfy the first two

conditions by the exercise of sufficient patience in a pro-

cess of trial and error ; but how can we possibly be sure

that they will satisfy the third ? The answer that

must be given wiU be clear to the reader if he has accepted

the results of the previous discussion. There cannot be,

from the very nature of the case, any kind of rule whereby

the third condition may certainly be satisfied ; the mean-

ing of the condition precludes any rule. Actually theories

are always suggested in view of the first two conditions

only ; and actually it turns out that they often fulfil

the third. And once again they most often turn out to

fulfil the third when they are suggested by those excep-

tional individuals who are the great men of science. It

is when the theory seems to them to explain the laws,

when the ideas introduced by it appear to them acceptable

and satisfactory, that nature conforms to their desires,

and permits to be established by experiment the laws

which are the direct consequence of those ideas.

The form in which that statement is put may appear

rather extravagant, and we shall return later and consider

some questions which it seems to raise. But the general

view that true theories are the expression of individual

genius will probably seem less paradoxical than the view

put forward in the previous chapter, that true laws also

contain a personal element. The difference is indicated

by the words that are used ; we speak of the " discovery
"

of a law, but of the " invention " of a theory. A law,

it is implied, is something already existing which merely

lies hidden until the discoverer discloses it ; a theory, on
the other hand, does not exist apart from the inventor ;

it is brought into being by an effort of imaginative

thought. I do not think that distinction will bear

examination ; it seems to me very difficult to regard laws

and not theories as something existing independently of

investigation and wholly imposed by the external world,
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or theories and not laws as the product of the internal

world of the intellect. For both theories and laws derive

their ultimate value from their concordance with nature

and both arise from mental processes of the same kind.

Moreover, as has been suggested already, in the more
highly developed sciences of to-day theories play a very

large part in determining laws ; they not only suggest

laws which are subsequently confirmed by experimental

investigation, but they also decide whether suggested

laws are or are not to be accepted. For, as our discussion

in the previous chapter showed, experiment alone cannot
decide with perfect definiteness whether or no a law is

to be accepted ; there are always loopholes left which
enable us to reject a law, however much experimental

evidence may suggest it and enable us to maintain a law
(slightly modified) even when experimental evidence seems
directly to contradict it. An examination of any actual'

science will show that the acceptance of a law is very

largely determined by the possibility of explaining it

by means of a theory ; if it can be so explained, we are

much more ready to accept it and much more anxious

to maintain it than we should be if it were not the conse-

quence of some theory. Indeed many laws in science are

termed " empirical " and regarded with a certain amount
of suspicion ; if we inquire we find that an empirical law
is simply one of which no theoretical explanation is known.
In the science of physics at least, it would almost be more
accurate to say that we believe our laws because they are

consequences of our theories than to say that we believe

our theories because they predict and explain true laws !

On such grounds I reject the view (though it is generally

prevalent) that laws are any less the product of iniagina-

tive thought than are theories. The^problem why nature

conforms with our intellectual desires arises just as clea'rfy

with one as with the other. Nevertheless it is dQubtl'es^?

true that the personal and imaginative element is mof^^



92 WHAT IS SCIENCE?

obvious and more prominent in theories than in laws.

One aspect of this difference has been noted akeady

;

the acceptance of a theory as true does involve a personal

choice in a way that a law does not. Different people do

differ about theories ; they can choose whether or no they

will beheve them ; but people do not differ about laws }
there is no personal choice ; universal agreement can be

forced. Again, if we look at the history of science, we shall

find that the great advances in theory are more closely

connected with the names of the great men than are the

advances in laws. Every important theory is associated

with some man whose scientific work was notable apart

from that theory ; either he invented other important

theories or in some other way he did scientific work

greatly above the average. On the other hand there are

a good many well-known laws which are associated with

the names of men who, apart from those particular

laws, are practically unknown ; they discovered one

important law, but they have no claim to rank among
the geniuses of science.* That fact seems to indicate

that a greater degree of genius is needed to iiwent true

theories than to discover true laws.

The same feature appears in the early and prehistoric

stages of science. Science, as we have seen, originally

took over from common sense laws which had been

already elaborated ; and although it has greatly refined

and elaborated those laws and has added many new
types, it has never whoUy abandoned the laws of common
sense. Modern science depends as much as the crudest

common sense on the notion of a " substance " (a notion

1 Except in so far as people may refuse to admit a law or to regard
it as anything but empirical, because it is not in accordance with
some theory. But then they admit that the laws describe the facts

rightly ; they only suggest that some other and equally accurate way
of describing them would be preferable.

* In case this book falls into the hands of some expert physicist,

I would suggest that examples may be found in the laws of Stefan,

Dulong and Petit, or Bode,
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which, as we have seen, implies a law), on the notion of

the succession of events in time and the separation of

bodies in space and so on. But science has abandoned
almost all the theories of pre-scientific days. For there

were and are such non-scientific theories ; and it is

because the plain man has theories of his own, just as

much as the most advanced man of science, that it has

not been necessary to occupy a larger space in explaining

exactly what a theory is ; the reader will probably

have recognized at once something familiar in the kind

of explanation which the d57namical theory of gases

offers. The most typical theories of the pre-scientific

era were those which explained the prbcesses occurring in

nature by the agencies of beings analogous to men—^gods,

fairies, or demons. The " Natiural Theology " of the

eighteenth century which tried to explain nature in

terms of the characteristics of a God, known through

His works, was a theory of that tj^pe ; in the features

which have been described as essential to theories it

differed in no way from that which we have discussed.

But all such theories have been abandoned by science

;

the theories that it employs are of a type quite unknown
before the seventeenth century. '^ In respect of theories

science has diverged completely from common sense

;

and the divergence can be traced accurately to the

work of a few great men. Common sense is therefore

more ready to accept theories rather than laws as the

work of individual genius.

But while I accept fully the view that the formulation

of a new theory, and especially of a new type of theory,

1 An exception is often made in favour of Lucretius, who wrote
about 70 B.C. But my own opinion is that modems, with their fuller

knowledge, read into his works ideas which never entered the head
of their author. I do not think that (as Mr. Wells maintains in his
" OutUne of History ") it was merely the barrenness of the soil on which
his seed fell that prevented it blossoming into fruit. The sterility of
his ideas, contrasted with those of Galileo and Newton, was inherent
in them.
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is a greater achievement than the formulation of a new
law, I cannot admit that the two processes are essentially

different. As Galileo was the founder of experimental

physics, so Newton was the founder of theoretical physics

;

as Galileo first introduced the type of law which has

become most characteristic of the science, so Newton
introduced first the characteristic t5^e of theory. And
of the two Newton is rightly judged by popular opinion

to have been the greater man. But it is not Tightly

recognized how great was the achievement of Galileo
;

indeed his fame is usually associated with things—^the

observation of the isochronism of the pendulum, or his

fight with clericalism over the Copernican theory

—

other than with his greatest service to science. It is

his establishment of the first experimental numerical

law that constitutes his highest claim to greatness, and
that law was as much an expression of his personality

as the theory of Newton.

THE ANALOGIES OF THEORIES

Mention has just been made of " types " of theories.

There are such t5rpes, just as there are types of laws,

and they play the same role in permitting lesser men to

complete and extend the work of the greater. Once a

theory of a new type has been invented and has been
shown to be true in the explanation of laws, it is naturally

suggested that similar theories may prove equally

successful in the explanation of other laws. And on the

whole the suggestion has proved true. In each branch
of science there are certain very broad and general

theories which have been invented by the founders of that

branch ; subsequent development of that branch usually

consists largely in the ampliation and slight modifica-

tion of such fundamental theories by investigators,

many of whom could never have themselves laid the
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foundation. Indeed, the investigator often feels that in

finding an explanation for the laws that he has discovered

he has little more latitude than in discovering those

laws ; it is perfectly clear from the outside what kind of

theory he must seek, just as it is clear what kind of law

he must seek.

Thus, it may be stated broadly^ that from 1700 to 1870

all physical theories were of a single type of which the

djTiamical theory of gases which we have used as an
example provides an excellent instance. They were

all " mechanical " theories. In our example, the

behaviour of gases is explained by an analogy with a

piece of mechanism, a set of moving parts reacting

on each other with forces which determine and are

determined by the motion. That feature is common to

all the mechanical theories which played so great a

part in the older physics and are stiU prominent in the

newer ; they explain laws by tracing an analogy between
the system of which the laws are to be explained and
some piece of mechanism. Once it was realized that

such theories were hkely to turn out to be true, the

task of inventing theories was greatly simplified ; it

often became simply that of devising a piece of mechanism
which would simulate the behaviour of the system of

which the laws were to be explained.

But all scientific theories are not mechanical. In

physics it is the admission of theories that do not fall

within this class which distinguishes the newer from the

older study. And in other branches of science (except

where they are obviously founded on physics) theories

of other kinds are the rule. For instance, the theory

of evolution, proposed to explain the diversity and yet

the resemblances of different kinds of living beings is

1 A very important exception must be made of the purely mathe-
matical theories, such as those of Fourier and Ampfere. Somie indica-
tion of the nature of these theories is given in Chapter VII.
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not mechanical ; it does not trace an analogy between the

production of such beings and the operation of a piece

of mechanism. Can we find any feature that is common
to all theories that have proved to be true, or must we
(as in the case of laws) rest content with several distinct

but well-defined t37pes which have all proved successful

and yet display no common characteristic ?

I think we can,find such a feature. The explanation

offered by a theory (that is to say, the part of the theory

which does not depend simply on the deduction froitn it

of the laws to be explained) is always based on an analogy,

and the system with which an analogy is traced is alwa3rs

one of which the laws are known ; it is always one of

those systems which form part of that external world

of which the subject-matter of science consists. The
theory always explains laws by showing that if we
imagine that the system to which those laws apply

consists in some way of other systems to which some
other known laws apply, then the laws can be deduced
from the theory. Thus our theory of gases explains

the laws of gases on the analogy of a system subject

to djmamical laws. The theory of evolution explains

the laws involved in the assertion that there are such-

and-such living beings by supposing that these living

beings are the descendants of others whose characters

have been modified by reaction to their surroundings

in a manner which is described by laws applicable to

living beings at the present day. Again the immense
theory involved in the whole science of geology explains

the structure of the earth as it exists to-day by supposing

that this structure is the result of the age-long operation

of influences, the action of which is described by laws
observable in modem conditions. In each case the
" explaining " system is supposed to operate according

to known laws, but it is not a sjTstem of which those

laws can be asserted as laws, because it is, by the very
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supposition underlying the theory, one which could never

be observed—either because it is too small or too remote
in the past or for some similar reason—and therefore

does not form part of the proper subject-matt'er of science.

It is because the explanation offered by a theory is

always based on an analogy with laws that the distinction

between laws and theories has been so often overlooked.

The statement of the dynamical theory of gases about

the properties and behaviour of molecules, or of the theory

of evolution about the process whereby the existing

species of living beings came into existence, is so similar

to the statement, asserted by a law, about the properties

of actual mechanical systems or about the changes that

are proceeding in existing species that the vital difference

between the two is forgotten. The statement asserted

by a law can be proved by direct perception ; it states

something which can be observed and which can be the

subject of universal assent. The statement involved

in the theory cannot be proved by direct perception, for

it does not state anything that can be or has been observed.

The failure to observe this distinction and the conse-

quent failure to give to theories their true place in the

scheme of science is the cause of most of the misunder-

standings that are so widely prevalent concerning the

nature and objects of science. For it has been admitted

that, though the discovery of laws depends ultimately

not on fixed rules but on the imagination of highly

gifted individuals, this imaginative and personal element

is much more prominent in the development of theories
;

the neglect of theories leads directly to the neglect of

the imaginative and personal element in science. It

leads to an utterly false contrast between " materialistic
"

science and the " humanistic " studies of literature,

history and art.
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SCIENCE AND IMAGINATION

At the risk of wearying the reader by endless repetition

I have insisted on the fallacy of neglecting the imaginative

element which inspires science just as much as art. If

this book is to fulfil any useful purpose that insistence is

necessary. For it is my object to attract students to

science and to help them to understand it by showing

them from the outset what they may expect from it.

It is certain that one of the chief reasons why science

has not been a popular subject in adult education, and is

scarcely recognized even yet as a necessary element of

any complete education, is the impression that science

is in some way less human than other studies. And for

that impression men of science are themselves more to

blame than anyone else ; in a mistaken endeavour to

exalt the certainty of their knowledge they deliberately

conceal that, like all possible knowledge, it is personal.

They exhibit to the outside world only the dry bones of-

science from which the spirit has departed.

It is true that it is less easy for the beginner to grasp

the imaginative element in science than in some other

studies. A larger basis of mere information is perhaps

required before it becomes apparent. And, of course,

he can never hope to share himself the joy of discovery
;

but in that respect he is no worse off than many who make
of science their life-work. But he can, if he wiU take the

trouble, appreciate the discoveries of others and experi-

ence at second-hand the thrill of artistic creation. For
those who have the necessary knowledge, it is as exciting

to trace the development of a great scientific theory,

which we could never have developed ourselves, as it is

to read great poetry or to hear great music which we
ourselves could never have written. But I must admit
that the books on science are few which make it easy

for the beginner to share that experience. And so,
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although I can hardly hope that I shall succeed where
so many writers have failed, and although the attempt

transgresses the strict limit of an introduction, I should

like to try to tell again the familiar story of one of the

most wonderful romances of science—^the story of

Newton and the apple '.^

The early chapters of the story must be greatly abbrevi-

ated. Copernicus and Kepler, a century before Newton,
had shown clearly what were the paths in which the

planets move about the sun and the satellites, such as

our moon, about the planets. It does not seem clear

whether anyone before Newton had thought of inquiring

why they should move in such paths, or had ever con-

templated the possibility of explaining the laws which
Kepler had laid down. In science, as in many other

things, it is often much harder to ask questions than to

answer them. People might have said, and many
probably did say : The planets have to move somehow ;

the paths Kepler describes are quite simple ; why should

not the planets move in them ? It is as ridiculous to ask

why they so move as to ask why a man's hair is yellow

or brown or red, and not blue or green. The mere con-

ception of explaining the paths of the planets was itself

an immense achievement.

And we can see now what suggested it to Newton.

Some sixty years before Galileo had, for the first time,

discovered some of the laws which govern the motions of

bodies under forces. He had shown that, in some simple

instances at least, there were such things as "laws of

dynamics." The idea occurred to Newton, May not the

movements of the planets and their satellites be subject

to just such laws of djmamics as Galileo had discovered

for the ordinary bodies which we see and handle. If so,

^ Of course the apple may be mythical—^Uke all the historical

objects of our childhood. And it is impossible to be certain what
Newton really thought. But his thought might have followed the
line suggested here.
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we ought to be able to find a set of forces such that if they

act on the planets according to Galileo's laws, the planets

will move as Kepler has shown that they do move. That

seems to us very obvious now ; but it was not obvious

then. Galileo, as far as we know, never thought of it

;

nor did anyone in the two generations between him and
Newton. And perhaps one reason why nobody thought

of it was that they realized instinctively that if they had
thought of it they could have got no further. To-day any
clever schoolboy could solve the next problem which

presents itself, namely that of finding what forces, acting

according to Galileo's laws, would make the planets move
as they do ; but that is only because Newton has shown
him the way. In order to solve this problem which seems

to us now so easy, Newtori had to invent modern mathe-

matics ; he had to make a greater advance in mathe-

matics than had been made in aU the time since the high-

water of Egyptian civilization. This achievement of

his was quite as wonderful as any other ; but as it was
not characteristically scientific (in the modern sense) it

may be left on one side here.

So he solved his problem. He showed that the planets

can be regarded as subject to Galileo's laws, and that the

force on a planet must be directed towards the sim, and
that on the moon towards the earth ; and that these forces

must vary in a certain simple way with the distance

between planet and sun or moon and earth. The moon
foUows the course she does because there is a pull between

it and the earth just as, when a stone is whirled round at

the end of a string, there is a pull between the stone and
the hand.

And now—as I hke to think—^he had ended his labour.

He reaUzed that he had made a stupendous discovery,

which must revolutionize, as it actually has done, the

whole science of astronomy. He had shown that the

laws of dynamics apply to planets as well as to ordinary
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bodies on the earth, that the planets were subject to

forces, and had determined what those forces were.

What more could he do ? What explanation of his result

could be offered or even demanded. He had ordered the

solar system, and who could be so foolish as to ask why
the order was that which he had found and no other ?

But after his morning's work which finally completed his

forthcoming treatise on the matter, he sat in his orchard

and was visited by some of his friends from Cambridge.

Perhaps they too were natural philosophers and he talked

to them about what he had been doing ; but it is more
likely that they sat idle, talking the thin-blooded intel-

lectual scandal that must have always flourished in

academic society, while Newton played with the historic

kitten.

And then the apple fell from the tree. Newton was
suddenly silent in a reverie ; the kitten played unheeded

with the fallen fruit ; and his friends, used to such sudden

moods, laughed and chattered. After a few moments he

must have paper ; he rushes to his desk in the house
;

scribbles a few hasty figures ; and now the theory of

gravitation is part of the structure of the universe. The
falling apple, a trivial incident which he had seen a

thousand times before, had loosed a spring in his mind,

set unconsciously by all his previous thought. He had
never consciously asked himself why the moon was pulled

towards the earth until, in an instant of revelation, the

apple appeared to him not " falling " (the meaningless

word he had always used before), but pulled towards the

earth. The idea flashed on him quicker than it could

be spoken. If both the moon and the apple are pulled

towards the earth, may they not be pulled by the same
force ? May not the force that makes the apple " fall

"

be that which restrains the moon in its orbit ? A simple

calculation will test the idea. He knows how far the

moon is from the earth and how the force on it varies
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with the distance and with the size of the moon. If

the moon were brought to the surface of the earth and

reduced to the size of the apple would the force on it be

such that it would fall with the speed of the apple ? The

answer is. Yes [^ The motion of the planets is therefore

explained both by generalization and by familiarity.

That motion is merely one particular instance of a general

principle.of which the very familiar fall of heavy objects

is another.

What I want to impress on the reader is how purely

personal was Newton's idea. His theory of imiversal

gravitation, suggested to him by the trivial fall of an

apple, was a product of his individual mind, just as much
as the Fifth Symphony (said to have been suggested by
another trivial incident, the knocking at a door) was a

product of Beethoven's. The analogy seems to me exact.

Beethoven's music did not exist before Beethoven wrote

it, and Newton's theory did not exist before he thought

of it. Neither resulted from a mere discovery of some-

thing that was already there ; both were brought into

being by the imaginative creation of a great artist. How-
ever there is one apparent difference ; Beethoven having

^ The readerwho knows the story—and who does not?—will see that

here I deviate widely from history. Newton did not know how far

the moon was from the earth ; current estimates were wrong ; and at

first he was therefore doubtful of his theory. But when the distance

was measured more accurately, he found it agreed perfectly with his

theory. I hesitate to suggest that it was Newton's theory that had
changed the distance !

I feel, too, that some people will think that I must be very antiquated
in my knowledge if I glorify Newton so greatly when the daily Press

has been assuring us lately that his ideas have been completely over-

thrown by Einstein. This is not the place to discuss what Einstein
has proved. I admire his work as much as anyone, but he has not
invalidated in the smallest degree the great discovery of Newton
which is discussed in the text. It is stiU as certain as ever it was that
the fall of the apple and the " fall " of the moon are merely two
examples of the very same fundamental principle ; and it is as certain

as ever that the motions of the planets are subject to the same laws
as those of terrestrial bodies. What is now not quite certain is whether
Galileo's laws are strictly applicable to circumstances very different

to those of the experiments by which he proved them.
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conceived his symphony had no need to test it in order

to discover if it was " right," while Newton had to com-

pare the results of his theory with the external world,

before he was sure of its true value. Does not this show
that Newton's achievement was not so perfectly personal

and imaginative as Beethoven's ?

I do not think so. First, Beethoven's work had to be

tested ; the test of artistic greatness is appeal to succeed-

ing generations free from the circumstances in which the

work was conceived ; it is very nearly the test of universal

agreement. But it is another point of view I want to

emphasize here. It is said that Newton's theory was
not known to be true before it was tested ; but Newton
knew that it was true—of that I am certain. To our

lesser minds there seems no imperative reason why the

forcg_on the moon andthe force on the apple should be

related as closflj'- a^ tlis thpory of gra^Htatinn demands,

merely because it would be so delightfully simple if they

were ; but Newton probably felt no doubt whatever on

the matter. As soon as it had occurred to him that the

fall of the apple and the fall of the moon might be the

same thing, he was utterly sure that they were the same
thing ; so beautiful an idea must be true. To him the

confirmation of numerical agreement added nothing to

the certainty ; he examined whether the facts agreed

with the object of convincing others, not himself. And
when the facts as he knew them did not agree, we may be

sure that his faith in the theory was in no way shaken ;

he knew that the facts must be wrong, but he had to wait

many years before evidence of their falsity was found

which would appeal to those who had not his genius and
could not be sure of harmony between their desires and
the external world.
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ARE THEORIES REAL ?

And here we come to our last question. I have been

at pains to distinguish theories from laws, and to insist

that theories are not laws. But if that contention is

true, are not theories deprived of much of their value ?

Laws, it may be said, are statements about real things,

about real substances (such as iron), about real objects

(such as the earth or the planets or existing living beings).

Laws are valuable because they teU us the properties of

these real objects. But if theories are not laws, and if the

statements they make are about things that cannot ever

be the subject of laws, do they tell us about anything

real ? Are the molecules (by means of which we explain

the properties of gases) or the countless generations of

unknown animals and plants (by means of which we
explain the coimexions between known animals and

plants) or the forces on the planets (by means of which

we explain their orbit)—are these molecules and animals

and forces mere products of our fantasy, or are they just

as real as the gases and the animals the laws of which

they are led to explain ? Are theories merely explana-

tory, are they like the fairy tales by means of which our

ancestors explained to themselves the world about them,

are they like the tales we often tell to our children with

the same object of explanation, or are they truly solid

fact about the real things of the world ?

That may seem a simple question to which a plain

answer. Yes or No, might be given ; but in truth it

raises the most profound and abstruse problems of

philosophy and really lies without the scope of this book.

Our object is to discover what science is ; we have leamt

what laws and theories are, and what part they play in

science ; it is not directly part of our purpose to discuss

what value all this elaboration has when it is achieved.

But in a book of this kind it would be wrong to leave the
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question with no answer ; and I will therefore explain

how the matter appears to me, although I know that

many other people would give different answers.

I should reply to the questioner by asking him what he

means by " real " and why he is so sure that a piece of

iron, or a dog, is a real object. And the answer that I

should suggest to him is that he calls these things real

because they are necessary to make the world intelUgbile

to him ; and that it is because they are necessary to make
the world intelligible to him that he resents so strongly

(as he will if he is a plain man) the suggestions that some
philosophers have made that these things are not real.

It is true that these suggestions are often not interpreted

rightly, and that what the philosophers propose is not

so absurd as appears at first sight ; but the fact remains

that these ideas are of supreme importance to him in

making the world intelligible, and that he dislikes the

notion that they are in any sense less valuable than other

ideas which, for him at least, do not make the world so

intelligible. The invariable associations which are

imphed by the use of the ideas " iron " and " dog " are

extremely important in all his practical life ; it is

extremely important for him that a certain hardness and
strength and density and so on are invariably associated

in the manner which we assert when we say that there is

iron, and that a certain form and sound and behaviour

are invariably associated in the way that we assert when
we say that there are dogs. When the plain man says

iron and dogs are real objects he means (I suggest) to

assert that there are such invariable associations, that

they are extremely important, and that they are rendered

intelligible only by the assertion that there is iron and
there are dogs.

If we accept this view it is clear that we must answer

in the affirmative the question from which'we started.

Theories are also designed to make the world intelligible
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to us, and they play quite as important a part as do laws

in rendering it intelligible. And if anything is real that

renders the world intelligible, then surely the ideas of

theories—^molecules and extinct animals and all the rest

of it—have just as much claim to reality as the ideas of

laws.

But my questioner will almost pertainly not be satisfied

with that answer ; it will seem to him to shirk just the

question that he wants to raise. He will feel that the

view that reahty is merely what leads to intelligibility

'{deprives reality of all its importance ; if science is merely

an attempt to render the world intelligible, in what does

it differ from a fairy tale—^which has often the same
object ? Or—^to put the matter in a different way

—

intelUgibility is a quality that depends on the person who
understands ; one person may find intelligible what
another may not. Reality on the other hand is, by its

very meaning, something independent of the person who
thinks about it. When we say that a thing is real we do

not mean that it is peculiarly suited to our understand-

ing ; we mean much more that it is something utterly

independent of all understanding ; something that would

be the s?me if nobody ever thought about it at all or ever

wanted to understand it.

I think the essence of this objection lies in the sentence :

" One person may find intelligible what another may not,"

When we feel that science is deprived of all value by being

likened to a fairy tale, our reason is that different people

like different fairy tales, and that one fairy tale is as good
as another. But what if there were only one possible

fairy tale, only one which would explain the world, and
if that one were intelligible and satisfactory to every

one ? For that is the position of science. There have
been many fairy tales to explain the world ; every myth
and every religion is (in part at least) a fairy tale with that

object. But the fairy tale which we call science differs
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from these in one all-important feature ; it is the fairy '

tale which appeals to every one, and the fairy tale which ,

natm-e has agreed to accept. It is not you and I and the

man round the corner who find that the conception of

iron makes the world intelligible, while the people in the

next street do not ; in this matter every single living being

in the world (so far as we can ascertain his opinion)

agrees with us ; they all accept our fairy tale and agree

that it makes the world intelligible. And nature accepts

it too ; the law that there is iron enables us to predict,

and nature always agrees with our predictions. There

is no other fairy tale like this ; there is none that denies

that there is iron, a substance with invariably associated

properties, which is acceptable to every one and which

predicts truly. It is just because our fairy tale is capable of

the universal agreement which we discussed in Chapter II

that we distinguish it from all other fairy tales and
call it solid fact. Nevertheless the fact remains that its

;

value for us is that of other fairy tales, namely that it
'

makes the world intelligible.

And now let us turn again to theories. Here, it is true,

we cannot apply directly the criterion of universal assent.

There is actually much more difference of opinion concern-

ing the value of theories than there is concerning the value

of laws ; and it is impossible to force an agreement as it

can be forced in the case of laws. And while that

difference of opinion persists we must freely admit that

the theory has no more claim on our attention than any
other ; it is a fairy tale which may be true, but which is

not known to be true. But in process of time the

difference of opinion is always resolved ; it vanishes

ultimately because one of the alternative theories is

found to predict true laws and the others are not. It is

for this reason that prediction by theories is so

fundamentally important; it enables us to distinguish

between theories and to separate from among our fairy
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tales that one which nature is prepared to accept and can

therefore be transferred from the reahia of fantasy to

that of solid fact. And when a theory has been so trans-

ferred, when it has gained universal acceptance because,

alone of all possible alternatives, it will predict true laws,

then, although it has purpose and value for us because

it jenders the world intelligible, it is so clearly distin-

guished from all other attempts to achieve the same pur-

pose and to attain the same value that the ideas involved

in it, like the ideas involved in laws, have the certainty

and the universality that is characteristic of real objects.

A molecule is as real, and real in the same way, as the gases

the laws of which it explains. It is an idea essential to

the intelligibility of the world not to one mind, but to

all ; it is an idea which nature as well as mankind accepts.

That, I maintain, is the test and the very meaning of

reality.



CHAPTER VI

MEASUREMENT

WE have now examined the chief types of scientific

proposition and discussed what are the prin-

ciples and the facts on which all science rests.

Already we have had occasion to notice differences

between the various branches of science, and when we
leave such very fundamental questions the differences

are bound to become more prominent. It does not seem
to me that there is much left to say (except in amplifica-

tion of what has been said already) that would be applic-

able to the whole of science. But there is one further

matter which may fitly receive some attention ; for

though it affects only part of science, that part is con-

stantly growing both in volume and in importance.

Moreover, the sciences into which it enters are generally

held to be particularly difficult to popularize, and to be

beyond the reach of the untrained reader. Accordingly,

we shall scarcely diverge from the main purpose of our

discussion if in the next two chapters we give it some
consideration.

This matter is measurement and all the structure of

mathematical science which rests upon measurement.

Every one knows that measurement is a very important

part of many sciences ; they know too, that many sciences

are " mathematical " and can only be apprehended

completely by those versed in mathematics. But very

few people could explain exactly how measurement enters

into science, why it enters into some and not in others,

why it is so important, what mathematics is and why it

is so intimately connected with measurement pid with

the sciences in which measurement is involved. In the

109
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next two chapters I propose to attempt some answer to

these questions. Any answer to these questions that

can be attempted here will not, of course, enable any-

one to start immediately the study of one of the mathe-

matical sciences in the hope of understanding it

completely. But if he can be convinced that even in

the most abstruse parts of those sciences there is

something that he can comprehend and appreciate

without the smallest knowledge of mathematics, some-

thing may be done towards extending the range of

the sciences that are open to the layman.

WHAT IS MEASUREMENT ?

Measurement is one of the notions which modern
science has taken over from common sense. Measure-

ment does not appear as part of common sense until

a comparatively high stage of civilization is reached

;

and even the common-sense conception has changed

and developed enormously in historic times. When I

say that measurement belongs to common sense, I only

mean that it is something with which every civihzed

person to-day is entirely famihar. It may be defined,

in general, as the assignment of numbers to represent

properties. If we say that the time is 3 o'clock, that

the price of coal is 56 shiUings a ton, and that we have

just bought 2 tons of it—^in aU such cases we are using

numbers to convey important information about the
" properties " of the day, of coal in general, of the coal

in our cellar, or so on ; and our statement depends

somehow upon measurement.

The first pomt I want to notice is that it is only some
properties and not all that can be thus represented by
numbers. If I am bu5dng a sack of potatoes I may ask

what it weighs and what it costs ; to those questions

I shall expect a number in answer ; it weighs 56 lbs.
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and costs 5 shillings. But I may also ask of what variety

the potatoes are, and whether they are good cookers
;

to those questions I shall not expect a number in answer.

The dealer may possibly call the variety " No. 11 " in

somebody's catalogue ; but even if he does, I shall feel

that such use of a number is not real measurement, and
is not of the same kind as the use in connexion with

weight or cost. What is the difference ?• Why are

some properties measurable and others not ? Those

are the questions I want to discuss. And I will outline

the answer immediately in order that the reader may
see at what the subsequent discussion is aiming. The
difference is this. Suppose I have two sacks of potatoes

which are identical in weight, cost, variety, and cooking

quaUties ; and that I pour the two sacks into one so that

there is now only one sack of potatoes. This sack will

differ from the two original sacks in weight and cost

(the measurable properties), but will not differ from them
in variety and cooking qualities (the properties that

are not measurable). The measurable properties of a

body are those which are changed by the combination

of similar bodies ; the non-measurable properties are

those that are not changed. We shall see that this

definition is rather too crude, but it will serve for the

present.

NUMBERS

In order to see why this difference is so important

we must inquire more closely into the meaning of
" number." And at the outset we must note that

confusion is apt to arise because that word is Aised to

denote two perfectly different things. It sometimes

means a mere name or word or symbol, and it sometimes

means a propertj;^ of an object. Thus, besides the

properties which have been mentioned, the sack of
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potatoes has another definite property, namely the

number of potatoes in it, and the number is as much a

property of the object which we call a sack of potatoes

as its weight or its cost. This property can be (and

must be) " represented by a number " just as the weight

can be ; for instance, it might be represented by 200.

But this " 200 " is not itself a property of the sack

;

it is a mere mark on the paper for which would be sub-

stituted, if I was speaking instead of writing, a spoken

sound ; it is a name or symbol for the property. When
we say that measurement is the representation of

properties by " numbers," we mean that it is the repre-

sentation of properties, other than nimaber, by the

symbols which are always used to represent number.

Moreover, there is a separate word for these symbols

;

they are called " numerals." We shall always use that

word in future and confine " number " to the meaning
of the property which is always represented by numerals.

These considerations are not mere quibbling over

words ; they bring out clearly an important point,

namely, that the «iQeasurable properties of an object

must resemble in some special way the properf]^ mirnhpr,

since they can be fitly represented by the same symbols ;

they must have some quahty common with number.

We must proceed to ask what this common quaUty is,

and the best way to begin is to examine the property

number rather more closely.

The number of a sack of potatoes, or, as it is more
usually expressed, the number of potatoes contained

in it, is ascertained by the process of counting. Count-

ing is inseparably connected in our minds to-day with

numerals, but the process can be, and at an earlier stage

of civihzation was, carried on without them. Without
any use of numerals I can determine whether the number
of one sack of potatoes is equal to that of another. For
this purpose I take a potato from one sack, mark it in
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some way to distinguish it from the rest (e.g. by putting

it into a box), and then perform a similar operation on
a potato from the other sack. I then repeat this double

operation continually until I have exhausted the potatoes

from one sack. If the operation which exhausts the

potatoes from one sack exhausts also the potatoes from
the other, then I know that the sacks had the same
number of potatoes ; if not, then the sack which is not

exhausted had a larger number of potatoes than the

other.

THE RULES FOR COUNTING

This process could be applied equally well if the objects

counted against each other were not of the same nature.

The potatoes in a sack can be counted, not only against

another collection of potatoes, but also against the men
in a regiment or against the days in the year. The
" mark," which is used for distinguishing the objects

in the process of counting, may have to be altered to suit

the objects counted, but some other suitable mark could

be found which would enable the process to be carried

out. If, having never heard of counting before, we apphed

the process to all kinds of different objects, we should

soon discover certain rules which would enable us to

abbreviate and simplify the process considerably. These

rules appear to us to-day so obvious as to be hardly

worth stating, but as they are undoubtedly employed

in modern methods of counting, we must notice them
here. The first is that if two sets of objects, when counted

against a third set, are found to have the same number
as that third set, then, when counted against each other

they will be found to have the same number. This rule

enables us to determine whether two sets of objects

have the same number without bringing them together

;

if I want to find out whether the number of potatoes
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in the sack I propose to buy is the same as that in a

sack I have at home, I need not bring my sack to the

shop ; I can count the potatoes at the shop against

some third collection, take this collection home, and

count it against my potatoes. Accordingly the discovery

of this first rule immediately suggests the use of portable

collections which can be counted, first against one collec-

tion and then against another, in order to ascertain

whether these two have the same number.

The value of this suggestion is increased greatly by
the discovery of a second rule. It is that by starting with

a single object and continually adding to it a.nother single

object, we can build up a series of collections of which

one will have the same number as any other collection

whatsoever. This rule helps us in two ways. First,

since it states that it is possible to make a standard

series of collections one of which will have the same
number as any other collection, it suggests that it might

be well to count collections, not against each other, but

against a standard series of collections. If we could

carry this standard series about with us, we could always

ascertain whether any one collection had the same number
as any other by observing whether the member of the

standard series which had the same number as the first

had also the same number as the second. Next, it shows
us how to make such a standard series with the least

possible cumbrousness. If we had to have a totally

different collection for each member of the standard

series, the whole series would be impossibly cumbrous ;

but our rule shows that the earlier members of the series

(that is those with the smaller number) may be all

parts of the later members. Suppose we have a collec-

tion of objects, each distinguishable from each other,

and agree to take one of these objects as the first member
of the series ; this object together with some other as

the next member ; these objects with yet another as
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the next member ; and so on. Then we shall obtain,

according to our rule, a series, some member of which
has the same number as any other collection we want to

count, and yet the number of objects, in all the members
of the standard series taken together, will not be greater

than that of the largest collection we want to count.

And, of course, this is the process actually adopted.

For the successive members of the standard series com-
pounded in this way, primitive man chose, as portable,

distinguishable objects, his fingers and toes. Civilized

man invented numerals for the same purpose. Numerals
are simply distinguishable objects out of which we build

our standard series of collections by adding them in turn

to previous raembers of the series. The first member of

our standard series is i, the jiext i, 2, the next i, 2, 3
and so on. We count other collections against these

mernbers of the standard series and so ascertain whether

or no two collections so counted have the same number.

By an ingenious convention we describe which member
of the series has the same number as a collection counted

against it by quoting simply the last numeral in that

member ; we describe the fact that the collection of the

days of the week has the same number as the collection

I, 2, 3, 4, 5, 6, 7, by sa3ang " that the number " of the

days of the week is 7. But when we say that what we
really mean, and what is really important, is that this

collection has the same number as the collection of

numerals (taken in the standard order) which ends in

7 and the same number as any other collection which

also has the same number as the collection of numerals

which ends in 7.
^

' Numerals have also an immense advantage over fingers and toes

as objects of which the standard series may be formed, in that the
series can be extended indefinitely by a simple rule which automatically
gives names to any new numerals that may be required. Even if we have
never hitherto had reason to carry the series beyond (say) 13 1679
in order to count all the collections we have met with, when we do
meet at last with a larger collection, we know at once that the objects
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The two rules that have been mentioned are necessary

to explain what we mean by " the number " of a collec-

tion and how we ascertain that number. There is a

tMrd rule which is of great importance in the use of

numbers. We often want to know what is the number
of a collection which is formed by combining two other

collections of which the numbers are known, or, as it is

usually called, adding the two collections. For instance

we may ask what is the number of the collection made
by adding a collection of 2 objects to a collection of 3
objects. We all know the answer, 5. It can be found by
arguing thus : The first collection can be counted against

the numerals i, 2 ; the second against the numerals

I, 2, 3. But the numerals i, 2, 3, i, 2, a collection formed
by adding the two first collections, can be counted against

I, 2, 3, 4, 5. Therefore the number of the combined
collection is 5. However, a httle examination wiU show
that in reaching this conclusion we have made use of

another rule, namely that if two collections A and a,

have the same number, and two other collections

B and b, have the same number, then the collection

formed by adding A to B has the same number as that

formed by adding ato b ; in other words, equals added to

equals produce equal sums. This is a third rule about

numbers and counting ; it is quite as important as the

other two rules ; all three are so obvious to us to-day

that we nevei think about them, but they must have
been definitely discovered at some time in the history of

mankind, and without them all, our habitual use of

numbers would be impossible.

we must ad4 to our standard series are 131680, 131681, and so on.
This is a triumph of conventional nomenclature, much more satis-

factory than the old convention that when we have exhausted our
fingers we must begin on our toes, but it is not essentially different.
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WHAT PROPERTIES ARE MEASURABLE ?

And now, after this discussion of number, we can return

to the other measurable properties of objects which, like

number, can be represented by numerals. We can now
say more definitely what is the characteristic of these

properties which makes them measurable. It is that

there are rules true of these properties, closely analogous

to the rules on which the use of number depends. If a

property is to be measurable it must be such that (i)

two-objectsjyhicb.are.lhe same in respect .of that property

as-soaae-tturd-obiect are the same as each other ; (2) by
adding objects successively we must be able to make a

standard series one member of which will be the same in

respect of the property as any other object we want to

measure
; (3) equals added to equals produce equal sums.

In order to make a property measurable we must find

some method of judging equality and of adding objects,

such that these rules are true.

Let me explain what is meant by using as an example

the measurable property, weight.

Weight is measured by the balance. Two bodies are

judged to have the same weight if, when they are placed

in opposite pans, neither tends to sink ; and two bodies

are added in respect of weight when they are both placed

on the same pan of the balance. With these definitions

of equaUty and addition, it is found that the three rules

are obeyed, (i) If the body A balances the body B, and
B balances C, then A balances C. (2) By placing a body
in one pan and continually adding it to others, collections

can be built up which will balance any other body placed

in the other pan. ^ (3) If the body A balances the body B,

and C balances D, then A and C in the same pan will

balance B and D in the other pan. To make the matter

yet clearer let us take another measurable property,

1 See further, p. 122,
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length. Two straight rods are judged equal in length, if

they can be placed so that both ends of one are contiguous

to both ends of the other ; they are added in respect of

length, when they are placed with one end of one con-

tiguous with one end of the other, while the two form

a single straight rod. Here again we find the three rules

fulfilled. Bodies which are equal in length to the same
body are equal in length to each other. By adding

successively rods to each other, a rod can be built up
which is equal to any other rod. And equal rods added to

equal rods produce equal rods. Length is therefore a

measurable property.

It is because these rules are true that measurement of

these properties is useful and possible ; it is these rules

that make the measurable properties so similar to

numbers, that it is possible and useful to represent them
by numerals the primary purpose of which is to repre-

sent numbers. It is because of them that it is possible

to find one, and only one numeral, which will fitly repre-

sent each property ; and it is because of them, that these

numerals, when they are found, tell us something useful

about the properties. One such use arises in the combina-

tion of bodies possessing the properties. We may wan^
to know how the property varies when bodies possessing

it are added in the way characteristic of measurement.
When we have assigned numerals to represent the

property we shall know that the body with the property

2 added to that with the property 3 will have the same
property as that with the property 5, or as the combina-
tion of the bodies with properties 4 and i. This is not

the place to examine exactly how these conclusions are

shown to be universally vahd ; but they are valid only
because the three rules are true.
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THE LAWS OF MEASUREMENT

But what is the nature of these rules ? They are laws

established by definite experiment. The word " rule"

has been used hitherto, because it is not quite certain

whether they are truly laws in their application to

number ; but they certainly are laws in their application

to other measurable properties, such as weight or length.

The fact that the rules are true can be, and must be, deter-

mined by experiment in the same way as the fact that

any other laws are true. Perhaps it may have appeared

to the reader that the rules must be true ; that it requires

no experiment to determine that bodies which balance

the same body will balance each other ; and that it

is inconceivable that this rule should not be true. But I

think he will change his opinion, if it is pointed out that

the rule is actually true only in certain conditions ; for

instance, it is only true if the balance is a good one, and

has arms of equal length and pans of equal weight. If

the arms were unequal, the rule would not be found to

be true unless it were carefully prescribed in which pan

the bodies were placed during the judgment of equality.

Again, the rules would not be true of the property length,

unless the rods weie straight and were rigid. In implying

that the balance is good, and the rods straight and rigid,

we have implied definite laws which must be true if the

properties are to be measurable, namely that it is possible

to make a perfect balance, and that there are rods which

are straight and rigid. These are experimental laws ;

they could not be known apart from definite experiment

and observation of the external world ; they are not self-

evident.

Accordingly the process of discovering that a property

is measurable in the way that has been described, and

setting up a process for measuring it, is one that rests

entirely upon experimental inquiry. It is a part, and a
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most important part, of experimental science. Whenever
a new branch of physics is opened up (for, as has been

said, physics is the science that deals with such processes of

measurement), the first step is always to find some process

for measuring the new properties that are investigated

;

and it is not until this problem has been solved,

that any great progress can be made along the i)ranch.

Its solution demands the discovery of new laws. We
can actually trace the development of new measurable

properties in this way in the history of science. Before

the dawn of definite history, laws had been discovered

which made measurable some of the properties employed
by modern science. History practically begins with

the Greeks, but before their time the properties, weight,

length, volume, and area had been found to be measur-

able ; the establishment of the necessary laws had prob-

ably occurred in the great period of Babylonian and
and Egyptian civilization. The Greeks, largely in the

person of Archimedes, found how to measure force by
establishing the laws of the lever, and other mechanical

systems. Again from the earliest era, there have been

rough methods of measuring periods of time,^ but a true

method, really obe3dng the three rules, was hot discovered

till the seventeenth century ; it arose out of Galileo's

laws of the pendulum. Modern science has added greatly

to the list of measurable properties ; the science of elec-

tricity is based on the discoveiy, by Cavendish and
Coulomb, of the law necessary to measure an electric

charge ; on the laws, discovered by (Ersted and Ampere,
necessary to measure an electric current ; and on the

laws, discovered by Ohm and Kirchhoff, necessary to

1 By a period of time I mean the thing that is measured when we
say that it took us 3 hours to do so-and-so. This is a different
" time " from that which is measured when we say it is 3 o'clock.
The difference is rather abstruse and cannot be discussed here ; but
it may be mentioned that the " measurement " involved in "3
o'clock " is more Uke that discussed later in the chapter.
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measure electrical resistance. And the discovery of

similar laws has made possible the development of other

branches of physics.

But, it may be asked, has there ever been a failure to

discover the necessary laws ? The answer is that there

are certainly many properties which are not measurable

in the sense that we have been discussing ; there are more
properties, definitely recognized by science, that are not

so measurable than are so measurable. But, as will

appear presently, the very nature of these properties

makes it impossible that they should be measured in this

way. For the only properties to which this kind of

measurement seems conceivably applicable, are those

which fulfil the condition stated provisionally on p. iii ;

they must be such that the combination of objects

possessing the property increases that property. For
this is the fundamental significance of the property

number ; it is something that is increased by addition
;

any property which does not agree with number in this

matter cannot be very closely related to number and
cannot possibly be measured by the scheme that has been

described. But it will be seen that fulfilment of this

condition only makes rule (2) true ; it is at least conceiv-

able that a property might obey rule (2) and not rules (i)

and (3). Does that ever happen, or can we always find

methods of addition and of judging equality such that, if

rule (2) is true, the laws are such that rules (i) and (3)

are also true ? In the vast majority of cases we can find

such methods and such laws ; and it is a very remarkable

fact that we can ; it is only one more instance of the way
in which nature kindly falls in with our ideas of what
ought to be. But I think there is one case in which the

necessary methods and laws haye not yet been found and
are not likely to be found. It is a very difficult matter

concerning which even expert physicists might differ,

and so no discussion of it can be entered on here. But
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it is mentioned in order to impress the reader with the

fact that measurement does depend upon experimental

laws ; that it does depend upon the facts of the external

world ; and that it is not wholly within our power to

determine whether we wiU or will not measure a certain

property. That is the feature of measurement which it

is really important to grasp for a proper understanding of

science.

MULTIPLICATION

Before we pass to another kind of measurement refer-

ence must be made to a matter which space does not

aUow to be discussed completely. In stating the rules

that were necessary in order that weight should be measur-

able (p. 117), it was said that a collection having the same
weight as any given body could be made by adding other

bodies to that first selected. Now this statement is

not strictly true ; it is only true if the body first selected

has a smaller weight than any other body it is desired to

weigh ; and even if this condition is fulfilled, it is not true

if the bodies added successively to the collection are of

the same weight as that first selected. Thus if my first

body weighs i lb., I cannot by adding to it make a collec-

tion which weighs less than i lb., and by adding bodies

which each weigh i lb., I cannot make a collection which
has the same weight as a body weighing (say) 2^ lb.

These facts, to which there is no true analogy in con-

nexion with number, force us to recognize " fractions."

A considerable complication is thereby introduced, and
the reader must accept my assurance that they can all

be solved by simple developments of the process of

measurement that has been sketched. But for a future

purpose it is necessary to notice very briefly the processes^

of the multiplication and division of magnitudes on which
the significance of fractions depends.
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Suppose I have a collection of bodies, each of which has

the same weight 3, the number of bodies in the collection

being 4. I may ask what is the weight of the whole

collection. The answer is given of course by multipl5ring

3 by 4, and we all know now that the result of that opera-

tion is 12. That fact, and all the other facts summed up
in the multiplication table which we learn at school, can

be proved from the rules on which weighing depend

together with facts determined by counting numerals.

But the point I want to make is that multiplication repre-

sents a definite experimental operation, namely the com-
bination into a single collection, placed on one pan of the

balance, of a set of bodies, all of the same weight, the

number of those bodies being known. Division arises

directly out of multiplication. In place of asking what
will be the weight of a collection formed of a given number
of bodies all of the same weight, we ask what must be the

weight of each of a collection of bodies, having a given

number, when the whole collection has a given weight.

E.g. what must each body weigh in order that the whole

collection of 4 bodies weighs 12 ? The answer is obtained

by dividing 12 by 4. That answer is obtained, partly

from the multiplication table, partly by inventing new
numerals which we call fractions ; but once again division

corresponds to a definite experimental operation and has

its primary significance because it corresponds to that

operation. This is this conclusion that we shall use in

the sequel. But it is worth while noting that the fractions

which we obtain by this method of addition overcome

the difficulty from which this paragraph started. If

we make all possible fractions of our original weight (i.e.

all possible bodies, such that some number of them formed

into a single collection have the same weight as the original

body), then, by adding together suitable collections of

these fractions, we can make up a collection which will

have the same weight as any body whatever that we
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desire to weigh. This result is an experimental fact

which could not have been predicted without experi-

mental inquiry . And the result is true, not only for the

measurable property weight, but for all properties measur-

able by the process that is apphcable to weight. Once

more we see how much simpler and more conveniently

things turn out than we have really any right to expect

;

measurement would have been a much more complex

business if the law that has just been stated were not

always true.

DERIVED MEASUREMENT

Measurement, it was said on p. no, is the assigftment

of numbers (or, as we say now, numerals) to represent

properties. We have now considered one way in which

this assignment is made, and have brought to light the

laws which must be true if this way is to be possible.

And it is the fundamental way. We are now going to

consider some other ways in which numerals are assigned

to represent properties ; but it is important to insist at

the outset, and to remember throughout, that these

other ways are wholly dependent upon the fundamental

process, which we have just been discussing, and must

be so dependent if the numerals are to represent " real pro-

perties " and to tell us something scientifically significant

about the bodies to which they are attached. This

statement is confirmed by history ; all properties mea-

sured in the definitely pre-scientific era were measured

(or at least measurable) by the fundamental process ;

that is true of weight, length, volume, area and periods

of time. The dependent measurement, which we are

now about to consider, is a product of definitely and con-

sciously scientific investigation, although the actual

discovery may, in a few cases, be lost in the mists of the

past.
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The property which we shall take as an example of this

dependent or, as it wiU be termed, derived measurement,

is density. Every one has some idea of what density

means and realizes, vaguely at least, why we say that

iron is denser than wood or mercury than water ; and
most people probably know how density is measured,

and what is meant when it is said that the density of

iron is 8 times that of wood, and the density of mercury

13^ times that of water. But they will feel also that there

is something more scientific and less purely common-
sense about the measurement of density than about the

measurement of weight ; as a matter of fact the discovery

of the measurement of density certainly falls within the

historic period and probably may be attributed to

Archimedes (about 250 B.C.). And a Uttle reflection will

convince them that there is something essentially different

in the two processes.

For what we mean when we say a body has a weight 2

is that a body of the same weight can be made by com-
bining 2 bodies of the weight i ; that is the fundamental

meaning of weight ; it is what makes weight physically

important and, as we have just seen, makes it measurable.

But when we say that mercury has a density 13I we do

not mean that a body of the same density can be prepared

by combining 13I bodies of the density i (water). For,

if we did mean that, the statement would not he true.

However many pieces of water w-e take, all of the same
density, we cannot produce a body with any different

density. Combine water with water as we will, the result-

ing body has the density of water. And this, a little

reflection will show, is part of the fundamental meaning
of density ; density is something that is characteristic

of all pieces of water, large and small. The density of

water, a " quality " of it, is something fundamentally

independent of and in contrast with the weight of water,

the " quantity " of it.
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But the feature of density, from which it derives its

importance, makes it totally impossible to measure

density by the fundamental process discussed earlier in

the chapter. How then do we measure it ? Before we
answer that question, it wiU be well to put another. As
was insisted before, if measurement is really to mean
an3^hing, there must be some important resemblance

between the property measured, on the one hand, and

the numerals assigned to represent it, on the other.

In fundamental measurement, this resemblance (or the

most important part of it) arises from the fact that the

property is susceptible to addition following the same
rules as that of number, with which numerals are so

closely associated. That resemblance fails here. What
resemblance is left ?

MEASUREMENT AND ORDER

There is left a resemblance in respect of " order."

The numerals are characterized, in virtue of their use

to represent numbers, by a definite order ; they are

conventionally arranged in a series in which the sequence

is determined :
" 2 " foUows " i " and is before " 3 "

;

" 3 " follows " 2 " and is before " 4 " and so on. This

characteristic order of numerals is appHed usefully

for many purposes in modem Mfe ; we " number

"

the pages of a book or the houses of a street, not in

order to know the number of pages in the book or of

houses in the street—nobody but the printer or the

rate-surveyor cares about that—but in order to be able

to find any given page or house easily. If we want p. 201

and the book opens casually at p. 153 we know in which
direction to turn the pages. ^ Order then is characteristic

1 Numerals are also used to represent objects, such as soldiers or
telephones, which have no natural order. They are used here because
they provide an inexhaustible series of names, in virtue of the ingenious
device by which new numerals can always be invented when the old
ones have been used up.
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of numerals ; it is also characteristic of the properties

represented by numerals in the manner we are

considering now. This is our feature which makes the
" measurement " significant. Thus, in our example, bodies

have a natural order of density which is independent

of actual measurement. We might define the words
" denser " or " less dense " as applied to liquids (and the

definition could easily be extended to soUds) by saying

that the liquid A is denser than B, and B less dense than

A, if a substance can be found which will float in A but

not in B. And, if we made the attempt, we should find

that by use of this definition we could place all liquids

in a definite order, such that each member of the series

was denser than the preceding and less dense than the

following member. We might then assign to the first

liquid the density i, to the second 2, and so on ; and we
should then have assigned numerals in a way which would
be physically significant and indicate definite physical

facts. The fact that A was represented by 2 and B by 7
would mean that there was some solid body which would
float in B, but not in A. We should have achieved some-

thing that might fairly be called measurement.

Here again it is important to notice that the possibility

of such measurement depends upon definite laws ; yve

could not have predicted beforehand that such an arrange-

ment of liquids was possible unless we knew these laws.

One law involved is this : If B is denser than A, and C
denser than B, then C is denser than A. That sounds

like a truism ; but it is not. According to our definition

it implies that the following statement is always true

:

If a body X floats in B and sinks in A, then if another body
Y sinks in B it wiU also sink in A. That is a statement

of facts ; nothing but experiment could prove that it is

true ; it is a law. And if it were not true, we could not

arrange Uquids naturally in a definite order. For the

test with X would prove that B was denser than A,
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while the test with Y (floating in A, but sinking in B)

would prove that A was denser than B. Are we then to

put A before or after B in the order of density ? We
should not know. The order would be indeterminate

and, whether we assigned a higher or a lower numeral to

A than to B, the assignment would represent no definite

physical fact : it would be arbitrary.

In order to show that the difficulty might occur, and

that it is an experimental law that it does not occur, an

instance in which a similar difficulty has actually occurred

may be quoted. An attempt has been made to define

the " hardness " of a body by saying that A is harder

than B if A will scratch B. Thus diamond will scratch

glass, glass iron, iron lead, lead chalk, and chalk butter ;

so that the definition leads to the order of hardness

:

diamond, glass, iron, lead, chalk, butter. But if there is

to be a definite order, it must be true in all cases that if

A is harder than B and B than C, then A is harder than

C ; in other words, if A will scratch B and B C, then A
wiU scratch C. But it is found experimentally that there

are exceptions to this rule, when we try to include all

bodies within it and not only such simple examples as

have been quoted. Accordingly the definition does not

lead to a definite order of hardness and does not

permit the measurement of hardness.

There are other laws of the same kind that have to be

true if the order is to be definite and the measurement

significant ; but they will not be given in detail. One
of them the reader may discover for himself, if he will

consider the property colour. Colour is not a property

measurable in the way we are considering, and for this

reason. If we take aU reds (say) of a given shade, we
can arrange them definitely in an order of lightness and
darkness ; but no colour other than red will fall in this

order. On the other hand, we might possibly take all

shades and arrange them in order of redness—pure red.



MEASUREMENT 129

orange, yellow, and so on ; but in this order there would
be no room for reds of different lightness. Colours

cannot be arranged in a single order, and it is for this

reason that colour is not measurable as is density.

NUMERICAL LAWS

But though arrangement in this manner in an order

and the assignment of numerals in the order of the pro-

perties are to some extent measurement and represent

something physically significant, there is stiU a large

arbitrary element involved. If the properties A, B, C,

D, are naturally arranged in that order, then in assigning

numerals to represent the properties I must not assign

to A 10, to B 3, to C 25, to D 18 ; for if I did so the order

of the numerals would not be that of the properties.

But I have an endless number of alternatives left ; I

i^might put A I, B 2, C 3, D 4 ,; or A 10, B 100, C 1,000,

D 10,000 ; or A 3, B 9, C 27, D 81 ; and so on. In the

true and fundamental measurement of the first part of

the chapter there was no such latitude. When I had
fixed the numeral to be assigned to one property, there

was no choice at all of the numerals to be assigned to the

others ; they were all fixed. Can I remove this latitude

here too and find a way of fixing definitely what numeral

is to be assigned to represent each property ?

In some cases, I can ; and one of these cases is density.

The procedure is this. I find that by combining the

numerals representing other properties of the bodies, which

can be measured definitely according to the fundamental

process, I can obtain a numeral for each body, and that

these numerals lie in the order of the property I want to

measure. If I take these numerals as representing the

property, then I still get numerals in the right order, but

the numeral for each property is definitely fixed. An
example will be clearer than this general statement. In
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the case of density, I find that if I measure the weight

and the volume of a body (both measurable by the funda-

mental process and therefore definitely fixed), and I divide

the weight by the volume, then the numerals thus

obtained for different bodies he in the order of their den-

sities, as density was defined on p. 127. Thus I find that

I gallon of water weighs 10 lb., but i gallon of mercury

weighs 135 lb. ; the weight divided by the volume for

water is 10, for mercury is 135 ; 135 is greater than 10 ;

accordingly, if the method is correct, mercury should be

denser than water and any body which sinks in mercury

should sink in water. And that is actually found to be

true. If therefore I take as the measure of the density

of a substance, its weight divided by its volume, then I

get a number which is definitely fixed,^ and the order of

which represents the order of density. I have arrived

at a method of measurement which is as definitely fixed

as the fundamental process and yet conveys adequately

the physically significant facts about order.

The invention of this process of measurement for

properties not suited for fundamental measurement is a

very notable achievement of dehberate scientific investi-

gation. The process was not invented by common
sense ; it was certainly invented in the historic period,

but it was not until the middle of the eighteenth century

that its use became widespread.^ To-day it is one of the

most powerful weapons of scientific investigation ; and
it is because so many of the properties of importance to

1 Except in so far as I may change the units in which I measure
weights and volume. I should get a different number if I measured
the volume in pints and .the weight in tons. But this latitude in the
choice of units introduces a complication which it will be better to
leave out of account, here. There is no reason why we should not
agree once and for all to use the same units ; and if we did that the
complication would not arise.

2 I think that until the eighteenth century only two properties were
measured in this way which were not measurable by the fundamental
process, namely density and constant acceleration.
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other sciences are measured in this way that physics,

the science to which this process belongs, is so largely

the basis of other sciences. But it may appear exceed-

ingly obvious to the reader, and he may wonder why the

invention was delayed so long. He may say that the

notion of density, in the sense that a given volume of the

denser substance weighs more than the same volume of

the less dense, is the fundamental notion ; it is what we
mean when we speak of one substance being denser (or

in popular language " heavier ") than another ; and that

aU that has been discovered in this instance is that the

denser body, in this sense, is also denser m the sense of

p. 127. This in itself would be a very noteworthy dis-

covery, but the reader who raises such an objection has

overlooked a yet more noteworthy discovery that is

involved.

For we have observed that it is one of the most charac-

teristic features of density that it is the same for all

bodies, large and small, made of the same substance. It

is this feature which makes it impossible to measure it

by the fundamental process. The new process will be
satisfactory only if it preserves this feature. If we are

going to represent density by the weight divided by the

volume, the density of all bodies made of the same sub-

stance will be the same, as it should be, only if for all of

them the weight divided by the density is the same, that

is to say, in rather more technical language, if the weight

is proportional to the density. In adopting the new pro-

cess for measuring density and assigning numerals to

represent it in a significant manner, we are, in fact, assum-

ing that, for portions of the same substance, whether they

are large or small, the weight is proportional to the

volume. If we take a larger portion of the same sub-

stance and thereby double the weight, we must find, if

the process of measurement is to be a success, that we also

double the volume!; and this law must be true for 'all
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substances to which the conception of density is applicable

at aU.

Of course every one knows that this relation is actually

true ; it is so familiar that we are apt to forget that it is

an experimental truth that was discovered relatively

late in the history of civiHzation, which easily might not

be true. Perhaps it is difficult to-day to conceive that

when we take " more " of a substance (meaning thereby

a greater volume) the weight should not increase, but it

is quite easy to conceive that the weight should not

increase proportionally to the volume ; and yet it is upon
strict proportionahty that the measurement of density

actually depends. If the weight had not been propor-

tional to the volume, it might still have been possible to

measure density, so long as there was some fixed numerical

relation between weight and volume. It is this idea

of a fixed numerical relation, or, as we shall call it

henceforward, a numerical law, that is the basis of the
" derived " process of measurement that we are consider-

ing ; and the process is of such importance to science

because it is so intimately connected with such numerical

laws. The recognition of such laws is the foundation of

modern physics.

THE IMPORTANCE OF MEASUREMENT

For why is the process of measurement of such vital

importance ; why are we so concerned to assign numerals

to represent properties. One reason doubtless is that

such assignment enables us to distinguish easily and
minutely between different but similar properties. It

enables us to distinguish between the density of lead and
iron far more simply and accurately than we could

do by saying that lead is rather denser than iron, but not
nearly so dense as gold—^and so on. But for that purpose
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the " arbitrary " measurement of density, depending

simply on the arrangements of the substances in their

order (p. 127), would serve equally weU. The true

answer to our question is seen by remembering the con-

clusion, at which we arrived in Chapter III, that thaiejms
betMffifin which laws express relationships are themselves
basRd nn laws anH rpprpqpnt rnllprtinnt; nf nthpr fprrr^^

related by laws. When we measure a property, either

by the fundamental process or by the derived process,

the numeral which we assign to represent it is assigned as

the result of experimental laws : the assignment implies

laws. And therefore, in accordance with our principle,

we should expect to find that other laws could be dis-

covered relating the numerals so assigned to each other

or to something else ; while if we assigned numerals
arbitrarily without reference to laws and impl5dng no
laws, then we should not find other laws involving these

numerals. This expectation is abundantly fulfilled, and
nowhere is there a clearer example of the fact that the

terms involved in laws themselves imply laws. When we
can measure a property truly, as we can volume (by the

fundamental process) or density (by the derived process)

then we are always able to find laws in which these pro-

perties are involved ; we find, e.g., the law that volume is

proportional to weight or that density determines, in a

certain precise fashion, the sinking or floating of bodies.

But when we cannot measure it truly, then we do not find

a law. An example is provided by the property " hard-

ness "
(p. 128) ; the difficulties met with in arranging

bodies in order of hardness have been overcome ; but

we still do not know of any way of measuring, by the

derived process, the property hardness ; we know of no

numerical law which leads to a numeral which always

follows the order of hardness. And so, as we expect, we
do not know any accurate and general laws relating hard-

ness to other properties. It is because true measurement
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is essential to the discovery of laws that it is of such vital

importance to science.

One final remark should be made before we pass on.

In this chapter there has been much insistence on the

distinction between fundamental measurement (such as

is appHcable to weight) and derived measurement (such

as is applicable to density). And the distinction is

supremely important, because it is the first kind of

measurement which alone makes the second possible.

But the reader who, when he studies some science in detail,

tries, as he should, to discover which of the two processes

is involved in the measurement of the various properties

characteristic of that science, may occasionally find

difficulty in answering the question. It should be pointed

out, therefore, that it is quite possible for a property to

be measurable by both processes. For all properties

measurable by the fundamental process must have a

definite order'; for the physical property, number, to

which they are so similar, has an order—the order of

" more " or " less." This order of number is reflected

in the order of the numerals used to represent number.

But if it is to be measurable by the derived process, it

must also be such that it is also a " constant " in a numeri-

cal law—a term that is just going to be explained in the

next chapter. There is nothing in the nature of funda-

mental measurement to show that a property to which it

is apphcable may not fulfil this condition also ; and some-

times the condition is fulfilled, and then the property is

measurable either by the fundamental or the derived

process. However, it must be remembered that the pro-

perties involved in the numerical law must be such that

they are fundamentally measurable ; for otherwise the

law could not be established. The neglect of this condi-

tion is apt to lead to confusion^ ; but with this bare hint

the matter must be left.



CHAPTER VII

NUMERICAL LAWS AND THE USE OF
MATHEMATICS IN SCIENCE

NUMERICAL LAWS

IN
the previous chapter we concluded that density

was a measurable property because there is a

fixed numerical relation, asserted by a " numerical

law," between the weight of a substance and its volume.

In this chapter we shall examine more closely the idea

of a numerical law, and discover how it leads. to such

exceedingly important developments.

Let us first ask exactly what we do when we are tr3dng

to discover a numerical law, such as that between weight

and volume. We take various portions of a substance,

measure their weights and their volumes, and put down
the result in two parallel columns in our notebook. Thus
I may find these results :
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I have only to divide the numbers in the second column

by 7 in order to arrive at those in the first, or multiply

those in the first by 7 in order to arrive at those in the

second. That is a definite rule which I can always apply

whatever the numbers are ; it is a rule which might always

be true, but need not always be true • whether or no it

is true is a matter for experiment to decide. So much is

obvious ; but now I want to ask a further and important

question. How did we ever come to discover this rule

;

what suggested to us to try division or multipUcation

by 7 : and what is the precise significance of division and

multiplication in this connexion ?

THE SOURCE OF NUMERICAL RELATIONS

The answer to the first part of this question is given by
the discussion on p. 123. Division and multiplication

are operations of importance in the counting of objects
;

in such counting the relation between 21, 7, 3 (the third

of which' results from the division of the first by the

second) corresponds to a definite relation between the

things counted ; it implies that if I divide the 21 objects

into 7 groups, each containing the same number of objects,

then the number of objects in each of the 7 groups is 3.

By examining such relations through the experimental

process of counting we arrive at the multipHcation (or

division) table. This table, when it is completed, states

a long series of relations between nmnerals, each of which

corresponds to an experimental fact ; the numerals

represent physical properties (numbers) and in any given

relation (e.g. 7x3= 21) each numeral represents a
different property. But when we have got the multipH-

cation table, a statement of relations between numerals,

we can regard it, and do usually regard it, simply as a

statement of relations between numerals ; we can think

about it without any regard to what those numerals
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represented when we were drawing up the table. And if

any other numerals are presented to our notice, it is

possible and legitimate to ask whether these numerals,

whatever they may represent, are in fact related as are

the numerals in the multiplication table. In particular,

when we are seeking a numerical relation between the

columns of Table I, we may inquire, and it is natural

for us to inquire, whether by means of the multiplication

we can find a rule which will enable us to arrive at the

numeral in the second column starting from that in the

first.

That explains why it is so natural to us to try division

when we are seeking a relation between nufnbers. But
it does not answer the second part of the question ; for

in the numerical law that we are considering, the relation

between the things represented by the numerals is not

that which we have just noticed between things counted.

When we say that, by dividing the volume by 7, we can

arrive at the weight, we do not mean that the weight is

the volume of each of the things at which we arrive by
dividing the substance into 7 portions, each having the

same volume. For a weight can never be a volume, any
more than a soldier can be a number ; it can only be repre-

sented by the same numeral as a volume, as a soldier

can be represented by a numeral which also represents a

number.

The distinction is rather subtle, but if the reader is to

understand what follows, he must grasp it. The relation

which we have found between weight and volume is a

pure numerical relation ; it is suggested by the relation

between actual things, namely collections which we
count ; but it is not that relation. The difference may be

expressed again by means of the distinction between

numbers and mmierals. The relation between actual

things counted is a relation between the numbers—which

are physical properties—of those things ; the relation
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between weight and volvime is a relation between numerals,

the numerals that are used to represent those properties.

The physical relation in the second case is not between

numbers at all, but between weight and volume which

are properties quite different from numbers ; it appears

very similar to that between numbers only because we
use numerals, originally invented to represent numbers,

to represent other properties. The relation stated by a

numerical law is a relation between numerals, and only

between numerals, though the idea that there may be

such a relation has been suggested to us by the study of

the physical property, number.

If we understand this, we shall see what a very remark-

able thing it is that there should be numerical laws at all,

and shall see why the idea of such a law arose compara-

tively late in the history of science. For even when we
know the relations between numbers, there is no reason

to beheve that there must be any relations of the same

kind between the numerals which are used to represent,

not only numbers, but also other properties. Until we
actually tried, there was no reason to think that it must

be possible to find at aU numerical laws, stating numerical

relations such as those of division and multiphcation.

The fact that there are such relations is a new fact, and

ought to be surprising. As has been said so often, it

does frequently turn out that suggestions made simply

by our habits of mind are actually true ; and it is because

they are so often true that science is interesting. But

every time they are true there is reason for wonder and

astonishment.

And there is a further consequence yet more deserving

of our attention at present If we reahze that the

numerical relations in numerical laws, though suggested

by relations between numbers, are not those relations,

we shall be prepared to find also numerical relations which

are not even suggested by relations between numbers,
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but only by relations between numerals. Let me take

an example. Consider the pairs of numerals (i, i), (2, 4),

(3, 9), (4, 16) . . . Our present familiarity with

numerals enables us to see at once what is the relation

between each pair ; it is that the second numeral of the

pair is arrived at by multiplying the first numeral by

itself ; I is equal to i x i, 4 to 2 x 2, 9 to 3 x 3 ; and
so on. But, if the reader wiU consider the matter, he wiU

see that the multipMcation of a number (the physical

property of an object) by itself does not correspond to

any simple relation between the things counted ; by the

mere examination of counted objects, we should never

be led to consider such an operation at all. It is suggested

to us only because we have drawn up our multipMcation

table and have reached the idea of multiplying one

numeral by another, irrespective of what is represented

by that numeral. We know what is the result of

multiplying 3x3, when the two 3's represent different

numbers and the multiplication corresponds to a physical

operation on things counted ; it occurs to us that the multi-

plication of 3 by itself, when the two 3's represent the

same thing, although it does not correspond to a physical

relation, may yet correspond to the numerical relation

in a numerical law. And we find once more that this

suggestion turns out to be true ; there are numerical

laws in which this numerical relation is found. Thus if

we measure (i) the time during which a body starting

from rest has been falling (2) the distance through which

it has fallen during that time, we should get in our

notebook parallel columns Uke this :
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The numerals in the second column are arrived at by multi-

pljdng those in the first by themselves ; in technical

language, the second column is the " square " of the first.

Another example. In place of dividing one column

by some fixed number in order to get the other, we may
use the multiplication table to divide some fixed number

(e.g. i) by that column. Then we should get the table

1 . . i-oo

2 . . 0-50

3 • • 0"33

4 • • 0-35

5 . . 020

and so on. Here, again, is a pure numerical operation

which does not correspond to any simple physical relation

upon numbers ; there is no collection simply related

to another collection in such a way that the number of

the first is equal to that obtained by dividing i by the

number of the second. (Indeed, as we have seen that

fractions have no apphcation to number, and since this

rule must lead to fractions, there cannot be such a rela-

tion.) And yet once more we find that this numerical

relation does occur in a numerical law. If the first

column represented the pressure on a given amount of

gas, the second would represent the volume of that gas.

So far, all the relations we have considered were

derived directly from the multiplication table. But
an extension of the process that we are tracing leads to

relations which cannot be derived directly and thus

carries us further from the original suggestions indicated

by mere counting. Let us return to Table II, and
consider what would happen if we found for the numerals

in the second column values intermediate between those

given. Suppose we measured the distance first and
found 2, 3, 5, 6, 7, 8, 10, II, 12, 13, 14, 15 ... ; what
does the rule lead us to expect for the corresponding

entries in the first column, the values of the time. The
answer will be given if in the multiplication table we



NUMERICAL LAWS AND MATHEMATICS 141

can find numerals which, when multiplied by themselves,

give 2, 3, 5 . . . But a search wiU reveal that there are

no such numerals. We can find numerals which, when
multiplied by themselves give very nearly 2, 3, 5 ...

;

for instance, 1-41, 173, 2*24 give 1-9881, 2-9929, 5-0166,

and we could find numerals which would come even

closer to those desired. And that is really all we want,

for our measurements are never -perfectly accurate, and
if we can get numerals which agree very nearly with

our rule, that is all that we can expect. But the search

for such numerals would be. a very long and tedious

business ; it would involve our drawing up an enormously

complicated multipUcation table, including not only

whole numbers but also fractions with many decimal

places. And so the question arises if we cannot find

some simpler rule for obtaining quickly the number
which multipUed by itself will come as close as we'please

to 2, 3, 4 . . . Well, we can ; the rule is given in every

textbook of arithmetic ; it need not be given here.

The point which interests us is that, just as the simple

multiplication of two numerals suggested a new process,

namely the multiplication of a numeral by itself, so this

new process suggests in its turn many other and more
complicated processes. To each of these new processes

corresponds a new rule for relating numerals and for

arriving atone starting from another ; and to each new
rule may correspond a numerical law. We thus get many
fresh forms of numerical law suggested, and some of

them will be found to represent actual experiments.

This process for extending arithmetical operations

beyond the simple division and multiplication from

which we start ; the consequent invention of new rules

for relating numerals and deriving one from another
;

and the study of the rules, when they are invented—all

this is a purely intellectual process. It does not depend

on experiment at all ; experiment enters only when we
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inquire whether there is an actual experimental law

stating one of the invented numerical relations between

measured properties. The process is, in fact, part of

mathematics, not of experimental science ; and one of

the reasons why mathematics is useful to science is that

it suggests possible new forms for numerical laws. Of

course the examples that have been given are extremely

elementary, and the actual mathematics of to-day has

diverged very widely from such simple considerations

;

but the invention of such rules leads, logically if not

historically, to one of the great branches of modem
mathematics, the Theory of Functions. (When two

numbers are related as in our tables, they are technically

said to be " functions " of each other.) It has been

developed by mathematicians to satisfy their own
intellectual needs, their sense of logical neatness and of

form ; but though great tracts of it have no bearing

whatever upon experimental science, it still remains'

remarkable how often relations developed by the mathe-

matician for his own purposes prove in the end to have

direct and immediate appUcation to the experimental

facts of science.

NUMERICAL LAWS AND DERIVED MEASUREMENT

In this discussion there has been overlooked temporarily

the feature of numerical laws which, in the previous

chapter, we decided gave rise to their importance,

namely, that they made possible systems of derived

measurement. In the first law, taken as an example

(Table I), the rule by which the numerals in the second

column were derived from those in the first involved a

numerd 7, which was not a member of those colmnns,

but an additional niunber apphcable equally to all

members of the columns. This fconstant numeral,

characteristic of the rule asserted by the numerical law.
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represented a property of the system investigated and
permitted a derived measurement of that system. But
in Table II, there is no such constant numeral ; the

rule for obtaining the second from the first column is

simply that the numerals in the first column are to be

multiplied by themselves ; no other nimieral is involved.

But this simplicity is reaUy misleading ; we should not,

except by a mere " fluke," ever get such a table as Table

II as a result of our measurements. The reason is this.

Suppose that, in obtaining Table II, we have measixred the

time in seconds and the distance fallen in feet ; and
that we now propose to write down the result of exactly

the same measurements, measuring the time in minutes

and the distances in yards. Then the numerals in the

first column, representing exactly the same observations,

would all be divided by 60 and those in the second would
aU be divided by 3 ; the observation which was repre-

sented before by 60 in the first column would now be
represented by i ; and the number in the second column
represented before by 3 would now be represented by i.

If I now apply the rule to the two columns I shall find it

wiU not work ; the second is not the first multiplied by
itself. But there wiU be a new rule, as the reader may
see for himself ; it will be that the second colimin is the
same as the first, when the first is (i) multiplied by itself,

and (2) the result multiphed by 1,200. And if we
measured the time and the distance in some other units

(say hours and miles), we should again have to amend
our rule, but it would only differ from the former rule in

the substitution for 1,200 of some other numeral. If we
choose our units in yet a third way, we should get a third

rule, and this time the constant [numeral might be i.

We should have exactly Table II ; but we should get that

table exactly only because we had chosen our units of

time and distance in a particular way.

These considerations arejquite general. Whatever the
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numerical law, the rule involved in it will be changed by
changing the unit in which we measure the properties

represented by the two columns ; but the change will

only consist in the substitution of one constant nimieral

for another. If we chance to choose the units in some
particular way, that constant numeral may turn out to

be I and so will disappear from sight. But it will always

be there. There must be associated with every ninnerical

law, involving a rule for arriving at the numerds in one

column from those in the other, some constant numeral

which is appHcable to aU members of the column alike.

And this constant may always, as in the case of density,

be the measure of some property to which derived

measurement is applicable. Every numerical law there-

fore—this is the conclusion to be enforced—^may give

rise to a system of derived measurement ; and as a matter

of fact all important numerical laws do a,ctually so give

rise.

CALCULATION

But though the estabhshment of system of derived

measurement is one use of numerical laws, they have
also another use, which is even more important. They
permit calculation. This is an extremely important

conception which deserves our close attention.

Calculation is the process of combining two or more
numerical laws in such a way as to produce a third numeri-

cal law. The simplest form of it mayjae illustrated by the

following example. We know the following two laws which,

in rather different forms, have been quoted before

:

(i) the weight of a given volume of any substance is

proportional to its density
; (2) the density of a gas is pro-

portional to the pressure upon it. From these two laws

we can deduce the third law : the weight of a given

volume of any gas is proportional to the pressure upon it.
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That conclusion seems to follow directly without any need

for further experiments. Accordingly we appear to have

arrived at a fresh numerical law without adducing any
fresh experimental evidence. But is that possible ?

All our previous inquiry leads us to beUeve that laws,

whether numerical or other, can only be proved by experi-

mental inquiry and that the proof of a new law without

new experimental evidence is impossible. How are we
to reconcile the two conclusions ? When we have

answered that question we shall understand what is the

importance of calculation for science.

Let us first note that it is possible, without violating

the conclusions already reached, to deduce something

from a numerical law by a process of mere thought with-

out new experiment. For instance, fronl the law that

the density of iron is 7, I can deduce that a portion of it

which has a volume i will have a weight 7. But this

deduction is merely stating in new terms what was
asserted by the original law ; when I said that the density

of iron was 7, 1 meant (among other things) that a volume

I had a weight 7 ; if I had not meant that I should never

have asserted the law. The " deduction " is nothing

but a translation of the law (or of part of it), into different

language, and is of no greater scientific importance than

a translation from (say) English into French. One kind

of translation, Hke the other, may have useful results,

but it is not the kind of useful result that is obtained

from calculation. Pure deduction never achieves any-

thing but this kind of translation ; it never leads to

anything new. But the calculation taken as an example

does lead to something new. Neither when I asserted

the first law, nor when I asserted the second did I mean
what is asserted by the third ; I might have asserted the

first without knowing the second and the second without

knowing the first (for I might have knownwhat the density

of a gas was under different conditions without knowing

10
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precisely how it is measured) ; and I might have

asserted either of them, without knowing the third. The
third law is not merely an expression in different words

of something known before ; it is a new addition io

knowledge.

But we have added to knowledge only because we have

introduced an assertion which was not contained in the

two original statements. The deduction depends on the

fact that if one thing (A) is proportional to another thing

(B) and if B is proportional to a third thing (C), then A is

proportional to C. This proposition was not contained

in the original statements. But, the reader may reply,

it was so contained, because it is involved in the very

meaning of " proportional " ; when we say that A is

proportional to B, we mean to imply the fact which has

just been stated. Now that is perfectly true if we are

thinking of the mathematical meaning of " propor-

tional," but it is not true if we are thinking of the

physical meaning. The proposition which we have really

used in making our deduction is this : If weight is pro-

portional (in the mathematical sense) to density, when
weight is varied by taking different substances, then it

is also proportional to density when weight is varied by
compressing more of the same substance into the same
volume. That is a statement which experiment alone

can prove, and it is because we have in fact assumed
that experimental statement that we have been able to
" deduce " a new piece of experimental knowledge. It

is involved in the original statements only if, when it is

said that density is proportional to pressure, it is implied

that it has been ascertained by experiment that the law
of density is true, and that there is a constant density

of a gas, however compressed, given by dividing the

weight by the volimie.

The conclusion I want to draw is this. When we appear

to arrive at new scientific knowledge by mere deduction
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from previous knowledge, we are always assuming some
experimental fact which is not clearly involved in the

original statements. What we usually assume is that

some law is true in circumstances rather more general

than those we have considered hitherto. Of course the

assumption may be quite legitimate, for the great value

of laws is that they are applicable to circumstances more
general than those of the experiments on which they are

based ; but we can never be perfectly sure that it is

legitimate until we try. Calculation, then, when it

appears to add anything to our knowledge, is always

slightly precarious ; like theory, it suggests strongly

that some law may be true, rather than proves definitely

than some law must be true.

So far we have spoken of calciolation as if it were merely

deduction ; we have not referred to the fact that calcula-

tion always involves a special type of deduction, namely
mathematical deduction. For there are, of coiuse, forms

of deduction which are not mathematical. All argument

is based, or should be based, upon the logical processes

which are called deduction ; and most of us are prepared

to argue, however slight our mathematical attainments.

I do not propose to discuss here generally what are the

distinctive characteristics of mathematical argument

;

for an exposition of that matter the reader should turn

to works in which mathematicians expound their own
study. 1 I want only to consider why it is that this kind of

deduction has such a special significance for science.

And, stated briefly, the reason is this. The assumption,

mentioned in the last paragraph, which is introduced in

the process of deduction, is usually suggested by the form

of the deduction and by the ideas naturally associated

with it. (Thus, in the example we took, the asstimption is

suggested by the proposition quoted about proportionality

1 E.g. "An Introduction to Mathematics," by Prof. Whitehead, in

the Home University Library.
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which is the idea especially associated by the form

of the deduction). The assumptions thus suggested by
mathematical deduction are almost invariably found to

be actually true. It is this fact which gives to mathe-

matical deduction its special significance for science.

THE NEWTONIAN ASSUMPTION

Again an example is necessary and we will take one

which brings us close to the actual use of mathematics
in science. Let us return to Table II which gives the

relation between the time for which a body has fallen

and the distance through which it has fallen. The fallipg

body, like all moving bodies, has a " velocity." By the

velocity of a body we mean the distance that it moves in

a given time, and we measure the velocity by dividing

that distance by that time (as we measure density by
dividing the weight by the volume). But this way of

measuring velocity gives a definite result only when the

velocity is constant, that is to say, when the distance

travelled is proportional to the time and the distance

travelled in any given time is always the same (compare
what was said about density on p. 130). This condition

is not fulfilled in our example ; the distance fallen in the

first second is i, in the next 3, in the third 5, in the next 7—and so on. We usually express that fact by sapng
that the velocity increases as the body falls ; but we
ought reaUy to ask ourselves whether there is such a

thing as velocity in this case and whether, therefore, the

statement can mean anjlhing. For what is the velocity

of the body at the end of the 3rd second—i.e. at the time
called 3. We might say that it is to be found by taking

the distance travelled in the second before 3, which is 5,

or in the second after 3, which is 7, or in the second of

which the in.stant " 3 " is the middle (from 2^ to 3^), which
turns out to be 6. Or again we might say it is to be found
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by taking half the distance travelled in the two seconds

of which " 3 " is the middle (from 2 to 4) which is again 6.

We get different values for the velocity according to

which of these alternatives we adopt. There are doubt-

less good reasons in this example for choosing the alterna-

tive 6, for two ways (and really many more than two ways,

all of them plausible) lead to the same result. But if

we took a more complicated relation between time and
distance than that of Table II, we should find that these

two ways gave different results, and that neither of them
were obviously more plausible than any' alternative. Do
then we mean anything by velocity in such cases and,

if so, what do we mean ?

It is here that mathematics can help us. By simply

thinking about the matter Newton, the greatest of

mathematicians, devised a rule by which he suggested

that velocity might be measured in all such cases. ^ It is

a rule applicable to every kind of relation between time

and distance that actually occurs ; and it gives the
" plausible " result whenever that relation is so simple

that one rule is more plausible than another. Moreover

it is a very pretty and ingenious rule ; it is based on ideas

which are themselves attractive and in every way it

appeals to the aesthetic sense of the mathematician.

It enables us, when we know the relation between time

and distance, to measure uniquely and certainly the

velocity at every iristant, in however complicated a way
the velocity may be changing. It is therefore strongly

suggested that we take as the velocity the value obtained

according to this rule.

But can there be any question whether we are right or

wrong to take that value ; can experiment show that we
ought to take one value rather than another ? Yes, it

" This is part of the great mathematical achievement mentioned on
p. 100. I purposely refrain from giving the rule, not because it is

really hard to explain, but because I want to make clear that what
is important is to have some rule, not any particular rule,
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can; and in this way. When the velocity is constant

and we can measure it without ambiguity, then we can

establish laws between that^velocity and certain properties

of the moving body. Thus, if we allow a moving steel ball

to impinge on a lead block, it will make a dent in it deter-

mined by its velocity ; and when we have estabhshed by
observations of this kind a relation between the velocity

and the size of the dent, we can obviously use the size of

the dent to measure the velocity. Suppose now our

falling body is a steel ball, and we allow it to impinge

on a lead block after falling through different distances

;

we shall find that its velocity, estimated by the size of

the dent, agrees exactly with the velocity estimated by
Newton's rule, and not with that estimated by any other

rule (so long, of course, as the other rule does not give the

same result as Newton's). That, I hope the reader will

agree, is a very definite proof that Newton's rule is right.

On this account only Newton's rule would be very

important, but it has a wider and much more important

application. So far we have expressed the rule as giving

the velocity at any instant when the relation between

time and distance is known ; but the problem might be

reversed. We might know the velocity at any instant

and want to find out how far the body has moved in any
given time. If the velocity were the same at all instants,

the problem would be easy ; the distance would be the

velocity multiplied by the time. But if it is not the same,

the right answer is by no means easy to obtain ; in fact

the only way of obtaining it is by the use of Newton's

rule. The form of that rule makes it easy to reverse it

and, instead of obtaining the velocity from the distance,

to obtain the distance from the velocity ; but imtil that

rule was given, the problem could not have been solved

;

it would have baffled the wisest philosophers of Greece.

Now this particular problem is not of any very great

importance, for it would be easier to measure by experi-
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ment the distance moved than to measure the velocity

and calculate the distance. But there are closely

analogous cases—one of which we shall notice immedi-

ately—^in which the position wiU be reversed. Let us

therefore ask what is the assumption which, in accord-

ance with the conclusion reached on p. 146, must be

introduced, if the solution of the problem is to give new
experimental knowledge.

We have seen that the problem could be solved easily

if the velocity were constant ; what we are asking, is

how it is to be solved if the velocity does not remain

constant. If we examined the rule by which the solution

is obtained, we should find that it involves the assump-

tion that the effect upon the distance travelled of a certain

velocity at a given instant of time is the same as it would

be if the body had at that instant the same constant

velocity. We know how far the body would travel at

that instant if the velocity were constant, and the assump-

tion tells us that it will travel at that instant the same
distance although the velocity is not constant. To obtain

the whole distance travelled in any given time, we have to

add up the distances travelled at the instants of which

that time is made up ; the reversed Newtonian rule gives

a simple and direct method for adding up these distances,

and thus solves the problem. It should be noted that

the assumption is one that cannot possibly be proved by
experiment ; we are assuming that something would

happen if things were not what they actually are ; and
experiment can only tell us about things as they are.

Accordingly calculation of this kind must, in aU strictness,

always be confirmed by experiment before it is certain.

But as a matter of fact, the assumption is one of which

we are almost more certain than we are of any experiment.

It is characteristic, not only of the particular example

that we have been considering, but of the whole structure

of modern mathematical physics which has arisen out
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of the work of Newton. We should never think it really

necessary to-day to confirm by experiment the results

of calculation based on that assumption ; indeed if

experiment and calculation did not agree, we should

always maintain that the former and not the latter was

wrong. But the assumption is there, and it is primarily

suggested by the aesthetic sense of the mathematician,

not dictated by the facts of the external world. Its

certainty is yet one more striking instance of the

conformity of the external world with our desires.

And now let us glance at an example in which such

calculation becomes of real importance. Let us take a

pendulum, consisting of a heavy bob at the end of a

pivoted rod, draw it aside and then let it swing. We
ask how it wiH swing, what positions the bob will occupy

at various times after it is started. Our calculation

proceeds from two known laws, (i) We know how the

force on the pendulum varies with its position. That we
can find out by actual experiments. We hang a weight

by a string over a pulley, attach the other end of the

string to the bob, and notice how far the bob is pulled

aside by various weights hanging at the end of the string.

We thus get a numerical law between the force and the

angle which the rod of the pendulum makes with the

vertical. (2) We know how a body wiU move under a

constant force. It wiU move in accordance with Table II,

the distance travelled being proportional to the
" square " of the time during which the force acts. Now
we introduce the Newtonian assumption. We know the

force in each position ; we know how it would move in

that position if the force on it were constant ; actually

it is not constant, but we assume thai the motion will be
the same as it would be if, in that position, the force were
constant. With that assumption, the general Newtonian
rule (of which the application to velocity is only a special

instance) enables us to sum up the effects of the motions
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in the different positions, and thus to arrive at the desired

relation between the time and the positions successively

occupied by the pendulum. The whole of the calculation

which plays so large a part in modern science is nothing

but an elaboration of that simple example.

MATHEMATICAL THEORIES

We have now examined two of the applications of

mathematics to science. Both of them depend on the

fact that relations which appeal to the sense of the

mathematician by their neatness and simplicity are

found to be important in.the external world of experiment.

The relations between numerals which he suggests are

found to occur in numerical laws, and the assumptions

which are suggested by his arguments are found to be

true. We have finally to notice a yet more striking

example of the same fact, and one which is much more
difficult to explain to the layman.

This last application is in formulating theories. In

Chapter V we concluded that a theory, to be valuable,

must have two features. It must be such that laws

can be predicted from it and such that it explains these

laws by introducing some analogy based on laws more
familiar than those to be explained. In recent develop-

ments of physics, theories have been developed which

conform to the first of these conditions but not to the

second. In place of the analogy with familiar laws,

there appears the new principle of mathematical

simplicity. These theories explain the laws, as do the

older theories, by replacing less acceptable by more
acceptable ideas ; but the greater acceptability of the

ideas introduced by the theories is not derived from an

analogy with famihar laws, but simply from the strong

appeal they make to the mathematician's sense of

form,
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I do not feel confident that I can explain the matter

further to those who have not some knowledge of both

physics and mathematics, but I must try. The laws

on the analogy with which theories of the older type are

based were often (in physics, usually) numerical laws,

such laws for example as that of the falling body. Now
numerical laws, since they involve mathematical relations,

are usually expressed, not in words, but in the sjmabols in

which, as every one knows, mathematicians express their

ideas and their arguments. I have been careful to avoid

these s37mbols; until this page there is hardly an "x"
or a " y" in the book. And I have done so because

experience shows that they frighten people ; they make
them think that something very difficult is involved.

But really, of course, symbols make things easier ; it is

conceivable that some super-human intellect might be

able to study mathematics, and even to advance it,

expressing aU his thoughts in words. Actually, the

wonderful symbolism mathematics has invented make
such efforts unnecessary ; they make the processes

of reasoning quite easy to foUow. They are actually

inseparable from mathematics ; they make exceedingly

difficult arguments easy to follow by means of simple

rules for juggling with these S3nnbols—^interchanging

their order, replacing one by another, and so on. The
consequence is that the expert mathematician has a

sense about s3nnbols, as sjnnbols ; he looks at a page

covered with what, to anyone else, are unintelligible

scrawls of ink, and he immediately realizes whether the

argument expressed by them is such as is Ukely to satisfy

his sense of form ; whether the argimient will be " neat
"

and the results " pretty." (I can't teU you what those

terms mean, any more than I can tell you what I mean
when I say that a picture is beautiful.)

Now sometimes, but not always, simple folk can

understand what he means ; let me try an example.
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Suppose you found a page with the following marks on
it—^never mind if they mean anything :

i
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an electric current. For these sjmabols Maxwell sub-

dX dY dZ
stituted— — — ; that substitution was roughly

dt dt dt

equivalent to saying that an electric current was related

to the things represented by X, Y, Z, t (never mind what
they are) in a way nobody had ever thought of before.;

it was equivalent to saying that so long as X, Y, Z, t were

related in a certain way, there might be an electric

current in circumstances in which nobody had beheved

that an electric current could flow. As a matter of

fact, such a current would be one flowing in an absolutely

empty space without any material conductor along

which it might- flow, and such a current was previously

thought to be impossible. But Maxwell's feeling for

s3rmbolism suggested to him that there might be such a

current, and when he worked out the consequences of

supposing that there were such currents (not currents

perceptible in the ordinary way, but theoretical currents,

as molecules are theoretical hard particles), he arrived

at the unexpected result that an alteration in an electric

current in one place would be reproduced at another

far distant from it by waves travelling from one to the

other through absolutely empty space between. Hertz

actually produced and detected such waves ; and
Marconi made them a commercial article.

That is the best attempt I can make at explaining the

matter. It is one more illustration of the marvellous

power of pure thought, aiming only at the satisfaction

of intellectual desires, to control the external world.

Since Maxwell's time, there have been many equally

wonderful theories, the form of which is suggested by
nothing but the mathematician's sense for symbols. The
latest are those of Sommerfeld, based the ideas of Niels

Bohr, and of Einstein. Every one has heard of the latter,

but the former (which concerns the constitution of t^e
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atom) is quite as marvellous. But of these I could not give,

even if space allowed, even such an explanation as I

have attempted for Maxwell's. And the reason is this

:

A theory by itself means- nothing experimental—^we

insisted on that in Chapter V—^it is only when something

is deduced from it that it is brought within the range of

our material senses. Now in Maxwell's theory, the

symbols, in the alteration of which the characteristic

feature of the theory depends, are retained through the

deduction and appear in the law which is compared with

experiment. Accordingly it is possible to give some idea

of what these S57mbols mean in terms of things experi-

mentally observed. But in Sommerfeld's or Einstein's

theory the sjmabols, which are necessarily involved in the

assumption which differentiates their theories from

others, disappear during the deduction ; they leave a

mark on the other symbols which remain and alter the

relation between them ; but the sjonbols on the relations

of which the whole theory hangs, do not appear at all

in any law deduced from the theory. It is quite impos-

sible to give any idea of what they mean in terms of experi-

ment.^ Probably some of my readers will have read the

very interesting and ingenious attempts to " explain

Einstein " which have been published, and wiU feel that

they really have a grasp of the matter. Personally I

doubt it ; the only way to understand what Einstein did

is to look at the symbols in which his theory must
ultimately be expressed and to realize that it was reasons

of S5nnbolic form, and such reasons alone, which led him
to arrange the symbols in the way he did and in no other.

But now I have waded into such deep water that it is

time to retrace ray steps and return to the safe shore of

the affairs of practical life.

1 The same is true really of the exposition of the Newtonian
assumption attempted on p. 151. It is strictly impossible to state

exactly what is the assumption discussed there without using
symbols. The acute reader will have guessed already that on that
page I felt myself skating on very thin ice.



CHAPTER VIII

THE APPLICATIONS OF SCIENCE

THE PRACTICAL^VALUE OF SCIENCE

SO far we have regarded science as a means of satis-

fying our purely intellectual desires. And it must
be insisted once again that such is the primary and

fundamental object of science ; if science did not

fulfil that purpose, then it could certainly fulfil no

other. It has appHcations to practical Mfe, only because

it is true ; and its truth arises directly and immediately

from its success as an instrument of intellectual satis-

faction. Nevertheless there is no doubt that, for the

world at large—^the world which includes those to which

this book is addressed—^it is the practical rather than the

intellectual value of science which makes the greater

appeal. I do not mean that they are bhnd to the things

of the mind, and consider only those of the body ; I mean
merely that science is not for them the most suitable

instrument by which they may cultivate their minds.

Art, history, and philosophy are competing vehicles of

culture ; and their sense of the supreme value of their

own study should not lead men of science to insist that

its value is unique. Indeed, if we are forced to recognize

that pure science will always be an esoteric study, it

should increase our pride that we are to be found in the

inner circle of the elect. On the other hand, since man
cannot hve by thought alone, the practical value of science

makes a universal appeal ; it would be pedantic and
misleading to omit some consideration of this aspect of

science.

The practical value of science arises, of course, from the
formulation of laws. Laws predict the behaviour of that

"58
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external world with which our practical and everyday

life is an unceasing struggle. Forewarned is forearmed,

and we stand a better chance of success in the contest

if we know precisely how our adversary may be expected

to behave. Knowledge is power and our knowledge of

the external world enables us in some measure to control

it. So much is obvious ; nobody to-day will be found to

deny that science-^and it must be remembered that we
always use that word to denote the abstract study

—

might be of great service in practical hfe. Nor indeed

will anybody deny that it has been of great service. We
have all heard how the invention of thedynamo—onwhich
is based every industrial use of electricity, without which

modem civihzation would be impossible—or the discovery

of the true nature of ferments—the basis of modern
medicine—was the direct outcome of the purest and most
disinterested intellectual^ inquiries. But although this

is granted universally, men of science are still heard to

complain with ever-increasing vehemence that they are

not allotted their due share of influence in the control of

; industry and of the State, and that science is always

suffering from material starvation. It is clear, therefore,

that in spite of the superficial agreement on the value of

science, there is still an underlying difference of opinion

which merits our attention.

The difference is not surprising, for candour compels

us to confess that these admitted facts, on which the

claims of science to practical value are often based, are

not really an adequate basis for those claims. The fact

that science might produce valuable results and actually

has produced some, is no more justification for our

devoting any great part of our energies to its develop-

ment than the fact that I picked up half a crown in the

street yesterday—and might pick up another—would be a

justification for my abandoning sober work to search for

buried treasure. Moreover, the very people who claim,
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on the ground of the work of Faraday or Pasteur, that

science should receive large endowments and a great

share in government, often urge at the same time that

Faraday and Pasteur were examples of that genius

which cannot be produced by training and can scarcely

be stunted by adversity. If it were only these exceptional

achievements, occurring two or three times a century,

which had practical value, the encouragement of science

would be an unprofitable gamble. If we are reaUy to

convince the outside world of the need for the closer

appMcation of science to practical affairs, we must give

reasons for our claim much more carefully and guardedly

than has been the custom up to the present. Nothing
is more fatal to our cause than to encourage expectations

doomed to disappointment.

Accordingly in this chapter, I propose to diverge

entirely from the usual path. I shall not give a single

example of practical science. There are plenty of good
books which teU what science has achieved in the past,

and plenty of newspaper paragraphs to tell us what it

is going to achieve in the future. Here I want to inquire

carefuUy what value science might have for practical

hfe, why it has that value, and imder what conditions

its value is most likely to be reahzed.

THE LIMITATIONS OF SCIENCE

It will be weU to point out immediately that science,

hke everything else, has its limitations, and that there are

some practical problems which, from its very nature, it

is debarred from solving. It must never be forgotten

that, though science helps us in controlling the external

world, it does not give us the smallest indication in what
direction that control should be exercised. Whenever we
undertake any practical action, we have two decisions to

make ; we have to decide what is the end of our action,
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what result we wish to obtain ; and we have to decide

what is the right means to that end, what action will

produce the desired result. The distinction between the

two decisions can be traced in the simplest as well as

(perhaps better than) in the most complex actions. If I

go to a meal in a restaurant, I have first to decide

whether I want beef or mutton, tea or coffee, and
second how I am to get what I want. If I have tooth-

ache, I have first to decide whether I want to be cured,

and second if I am more Mkely to be cured if I doctor

myself or if I go to a dentist. The fact that there are

two decisions is sometimes obscured by the simplicity

and obviousness of one of them. In the first example,

the decision as to means is liable to be overlooked ; for

(except in some restaurants) it is obvious that the best

way to get the meal I want is to ask for it. In the second,

the decision as to end may be unobserved, because it is

so obvious that I want to be cured.

In these simple examples the distinction between the

two decisions is clear ; in others they are so closely inter-

connected that care is needed to separate them. Our
choice of the ends at which we may aim is often deter-

mined in part by the means we have of attaining them ;

it is foolish to struggle towards a goal that can never be

reached. On the other hand, action which is desirable

as a means to one end, may be objectionable because it

leads at the same time to other results that are undesirable

as ends. In all the more comphcated decisions of life,

such conflicts between ends and means arise, and it is a

necessary step towards accuracy of thought to disentangle

the conflicting elements. It is aU the more necessary,

because in controversial matters there is always a,

tendency to conceal questions of ends and to pretend

that every question is one of jmeans only ; the reason is

that agreement concerning ends is far less
|
easily

attainable than agreement concerning means, so that,
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when we are trying to make converts to our views, we
are naturally apt to disguise differences that are irrecon-

cilable.

Political discussion provides examples of this ten-

dency. It is clap-trap to announce portentously that

we all desire the welfare of the community and to pretend

that we differ only in our view of the best way of attain-

ing it ; what we really differ about is our ideas of the wel-

fare of the community ; we disagree as to what is the state

of society that forms the end of our political action. If

we could agree about that, oiir remaining differences

would not excite much heat. As it is, our pretence that

we are arguing merely about means often leads us to

adopt means which are obviously ill-adapted to secure

any of the ends at which any of the contending parties

aim.

Since science must always exclude from its province

judgments concerning which differences are irreconcilable,

it can only guide practical life in the choice of means, and
not in the choice of ends. If one course of action is more
" scientific " than another, that course is better only in

the sense that is a more efficient means to some end

;

from the fact that it is indicated as a restilt of scientific

inquiry, it is qviite illegitimate to conclude that the action

must necessEirily be desirable. That conclusion follows

only if it can be proved that the end, to which the action

is a means, is desirable ; such a proof must always lie

wholly without the range of science. The neglect to

observe this distinction is responsible for much of the

disregard, and even actual dislike, of their study in its

appMcation to practical Ufe of which men of science so

often complain. It was seriously urged in recent years

that science, being responsible for the horrors of modern
warfare, is a danger to civihzation

; and I am told that
many manual workers are inclined to regard science with
hostility because it is associated in their minds with the
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" scientific " management of industry. * Such objections

are altogether unjust ; science gives to mankind a greater

power of control over his environment. He may use that

control for good or for ill ; and if he uses it for ill, the fault

lies in that part of human nature which is most remote

from science ; it Mes in the free exercise of will. To deny

knowledge for fear it may be misused is to repeat the

errors of the mediaeval church ; thus to deprive men of

the power to do evil is to deprive them of the yet greater

power to do good. For precisely the same knowledge

that has made Europe a desert has given the power to

restore her former fertility ; and the increase of individual

productive power which may be used to rivet more closely

the chains of wage-slavery might also give to the worker

that leisure from material production which alone can

give freedom to the slave.

Men of science themselves are largely to blame for the

confusion against which this protest is directed. They
are so accustomed to having to force their conclusions on

an ignorant and reluctant world, that they are apt to

overstep the limits of their special sphere ; they some-

times forget that they cease to be experts when they

leave their laboratories, and that in deciding questions

foreign to science, they have no more (but, of course,

no less) claim to attention than anyone else. Like the

members of any other trade or profession, they are apt

to be affected in their social and political views by the

work which is their main occupation, and to lay special

stress on the evils which come immediately under their

notice. 2 In this respect it is useless to expect them to

^ We need not discuss here whether the methods of factory control

to which objection is taken have really any claim to be scientific in our
sense ; whether, that is to say, they are the outcome of such investiga-

tion as has been described in the earUer chapters.
" I am tempted to describe what are the social and pohtical views

which the study and practice of science tends to inculcate. But this

is a matter in which the spectator sees most of the game ; if I made
the attempt, I should probably be led astray by my own particular

opinions.



164 WHAT IS SCIENCE?

be more perfect than the rest of mankind. But any

danger of paying too much or too little heed to pronounce-

ments put forward on behalf of " science " will be

avoided if the distinction on which so much stress has

been laid is borne in mind. On questions of means to a

given end (if they concern the nature of the external

world) science is the one and only true guide ; on ques-

tions of the ends to which means should be directed,

science has nothing to say.

THE CERTAINTY OF SCIENTIFIC KNOWLEDGE ^

I have thought it better thus to start with a considera-

tion of the hmitations of science ; not because the greater

danger lies in the neglect of those Hmitations, but merely

to convince the reader that I am not blind to their exist-

ence. Actually, in this country at least, the greater

danger lies in the other direction, in refusing to accept

the clear and positive decisions of science on matters

which he wholly within its bounds. Why is there any

such danger ? It arises, I believe, from two sources not

wholly independent. The first source is a disbehef ihat

science is reaUy possessed of any definite knowledge.

Scientific experts seem to differ as much as experts in

other subjects, and may be heard in any patent litiga-

tion swearing cheerfully against each other. The second

source is a general distrust of the " theorist " as com-

pared with the " practical man." The chief points that

have to be raised will appear naturally in a discussion of

these two errors.

It may be thought that the first " error " has been

implicitly confirmed by our previous discussions. For it

has been urged that there is a strong personal element in

science and that complete agreement is to be found only

in its subject matter and not in its conclusions. But while

it is perfectly true that a theory, and even to some extent



THE APPLICATIONS OF SCIENCE 165

a law, may be an object of contention when it is first'

proposed, it is equally true that the difference of opinion

is always ultimately resolved. A theory may be doubted,

but while it is doubted it is not part of the firm fabric

of science ; but in the end it is always either definitely •

accepted or definitely rejected. It is in this that science

differs from such studies as history or philosophy in

which controversies are perennial. There is an immense

,

body of science concerning which there is no doubt,

and that body includes both theories and laws ; there is

a smaller part concerning which dispute is still continu-

ing. It is only natural that this smaller part should

receive the greater share of exphcit attention ; the other

and greater part we learn in our school and university

courses and find no need to discuss later, because it is a

matter of common knowledge with which all properly

informed persons are completely familiar ; it is the base

from which we proceed to establish new knowledge, and
the premiss on which we found our arguments concern-

ing it. The distinction between the two parts of scientific

knowledge, that which is firmly established, and that

which is still doubtful, is perfectly clear and definite to

all who have been properly trained. The fact that doctors

differ in science, as in other things, does not affect the

equally important fact that in much the larger part of

their knowledge they agree.

But a more serious objection may be raised. In the

opening chapters we concluded that science draws its

subject-matter from a limited portion of experience, and
that this limited portion necessarily excludes aU^that part

of our hfe which is of the most intimate interest to us.

It may be urged with force that while science may be in

possession of perfectly positive knowledge concerning

which every one who has studied the matter is in agree-

ment, yet this knowledge is entirely divorced from all

the affairs of practical hfe ; when science attempts to



166 WHAT IS SCIENCE?

intrude into such affairs it becomes jas hesitating and

dubitable as any other source of knowledge.

As a formal statement of the position, this objection

must be admitted as valid. The uniformly certain and

completely universal laws of science can be realized only

in the carefuUy guarded conditions of the laboratory, and

are never found in the busy world outside. There is

scarcely any event or process of practical importance to

which we could point as providing a direct confirmation

of any of the propositions of pure science, or which could

be described completely in terms of those propositions.

In every such event and process, there is involved some
element of which science can take no cognizance, and it

is usually on account of this element (as was remarked in

Chapter III) that the event has practical importance.

And again, it is the presence of this element which makes

it possible for experts, equally well-informed, to differ

in their prehminary suggestions of an explanation of the

event or of the most suitable means for controlMng it.

But it does not follow because practical events do not

he wholly within the realm of science that they he wholly

without it. Indeed it is from the study of practically

important events that many of the results of pure science

have actually been derived. Let us examine the matter

more carefully.

All the appUcations of science to practical hfe depend

ultimately on a knowledge of laws. Whether we are

asked to explain an event, or to suggest means whereby
an event may be produced or prevented, we can meet

the demand only if we know the laws of which the event

is the consequence. But laws state only relations between
events ; when we say that an event is the consequence

of certain laws, we do not mean that this event must
happen in aU possible circumstances ; we mean only that

it is invariably associated with certain other events,

and must happen if they happen. The event in question
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is not only a consequence of the laws, it is a consequence

of the laws and of the other events to which it is related

by the laws. Again, it must be noted that I have spoken

of laws, not " a law." The practical event to which our

attention is directed wiU not be a simple event such as

is related by pure science to another simple event ; it

wiU be an immensely complicated collection of such

events, and these constituent events wiU be each related

to some other event by a separate law. The consti-

tuent events wiU not in general be related to each other

by a law, nor will the other events, to which they are so

related, be related to each other by a law. The explana-

tion of the events in question will not be complete when
we have stated a single law, or even all the many laws

in which the constituent events are involved ; it is neces-

sary to add that the many events to which they are related

by these many laws have actually occiirred, and that the

many laws are actually in operation.

The last part of the explanation is the part which is

not pure science. Science when it asserts laws, only

asserts that, if so-and-so happens, something else wiU
also happen. But in practical matters it is necessary to

convert this hypothetical statement into a definite state-

ment, and to assert that something actually has happened.

This is often an extremely difficult matter, which may be

the subject of much difference of opinion until all the

circumstances have been investigated. An obvious

example of this difficulty arises in the practice of

medicine ; diagnosis, the determination of what is wrong

with the patient, is a necessary preliminary to his treat-

ment, and is actually the gravest problem with which

the physician is faced. And similar problems arise in all

other branches of appUed science. If we are asked to

produce some desired product or to find out why the

product of some existing process is not satisfactory, the

first part of our task must always be to find out exactly



168 WHAT IS SCIENCE?

in what the desired product consists, and exactly in

what particulars it differs from the unsatisfactory product.

This problem of determining precisely what are the exist-

ing facts is not strictly one of science at all ; the solution

of it does not involve the statement of any scientific laws,

for laws assert, not what does actually occur, but what
will occur if something else occurs. Nevertheless science

and scientific laws are useful, and even indispensable, in

the solving of it ; for very often the best or only proof

that something has occurred is that some other event

has occurred with which the first is associated by a law.

Thus, the physician bases his diagnosis on his examina-

tion of symptoms ; he observes that the bodily state of

his patient is abnormal in some particulars, and from his

knowledge of the laws connecting those parts of the body
which are accessible to observation with those that are

not deduces what must be the state of the hidden organs.

In the same way the works chemist or physicist is often

led to judge what is the source of failure in a product,

by examining carefully the process by which it has been

produced, and deducing by his knowledge of the laws

of chemistry or physics what must be the result of that

process.

It is for such reasons that pure science, although it

takes no direct cognizance of the actual events of practical

hfe, is of inestimable service in explaining and controlling

them. Even though it is impossible to analyse those

events completely into laws, it is only by carrjdng that

analysis as far as it will go, and by bringing to hght all

the laws that are involved, that any explanation or

any control can be attained.

These considerations have been suggested by the first

of the two errors noted on page 164 ; they answer the'

objection that science is not possessed of any positive

and certain knowledge, or that, if it has such knowledge, it

is not relevant to practical problems. The second
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error is even more dangerous. Science, it is often urged

(perhaps not in these actual words), is all very well

;

it may even be indispensable ; but it must be the right

kind of science. The kind of science that is needed in

everyday life is not that of the pure theorist, but that

which every practical man is bound to acquire for

himself in the ordinary conduct of his business.

Again, it wiU be well to begin by admitting that there

is some truth in the contention that the practical man
is likely to manage the business in which he has been

immersed all his life better than one who has no experience

of any conditions more complicated than those of the

laboratory. No doubt scientific men of great eminence

often prove as great failures in industry as commercial

,

men would in pure science. But we have already noticed

that no practical problem is wholly scientific ; there are

questions of ends as well as of means. The scientific

man in industry is doubtless apt to be led astray by
forgetting that the object of industry is to produce

goods, and that processes, however scientifically interest-

ing they may be, are commercially worthless unless they

decrease the expenditure of capital and labour necessary

to obtain a given amount of goods. Again, at the

present time at least, aU questions of means have not

been brought within the range of science ; the estimation

of demand and the foreseeing of supply are matters not

yet reduced to any scientific basis. Besides, no man is

expert in all sciences, and the fact that he is familiar

with one may tend to hide from him his ignorance of

another. All this may be readily granted ; but all

it proves is that something besides scientific knowledge

is required for the competent conduct of affairs. Because

the man of science needs the help of the man trained in

commerce or administration, it does not follow that the

latter does not need the help of the former.

The attack on the practical value of science that we
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are considering is best met by a counter-offensive. It

sounds plausible to maintain that those who have had

the greatest experience of any matter must know most

about it. But, Hke many other plausible doctrines, this

one is absolutely false. No popular sajdng is more
misleading than that we learn from experience ; really

the capacity of learning from experience is one of the

rarest gifts of genius, attained by humble folk only by
long and arduous traimng. Anyone who examines

carefully any subject concerning which popular beliefs

are prevalent, will always discover that those beliefs

are almost uniformly contradicted by the commonest
everyday experience. We shall not waste oiu: time if

we devote a few pages to discovering the sources of

popular fallacies, and considering in what manner they

can be corrected by scientific investigation. When
we have established how little worthy of confidence is

" practical knowledge " we shall be in a position to see

the value of " theory."

POPULAR FALLACIES

The most frequent source of such fallacies is a disposi-

tion to accept without inquiry statements made by
other people. Error from this source is not whoUy
avoidable ; except in the very few matters in which we
can interest ourselves, we must, if we are to avoid blank

ignorance, simply believe what we are told by the best

authority we can secure. And since nobody is always

right, we shaU always beUeve some false doctrines

however carefully we choose our authority. But it

is very remarkable how people wiU go on beUeving things

on authority, when the weight of that authority is quite

unknown, and when their belief is flatly contradicted

by experience. I know a family, not without intelligence*

who, until their statement was challenged in a heated
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argument, always believed, on the authority of some
family tradition of unknown origin, that the walk they

took every Sunday afternoon was eight miles long ; and

yet a party which was not specially athletic, starting after

three, always accomplished it before five. A glance

at a map which was hanging in their house would have

shown them it was barely six miles. This will doubtless

seem a very extreme example concerning a very trivial

matter, but parallels can be found readily in matters

of considerable importance. During the war it was

almost a sufficient reason for the army chiefs to adopt

some device that it was known (or more often believed)

that the enemy made use of it ; and anyone who comes

into contact with unscientific managers of industry will

be amazed to find how largely their practice is based on

hearsay information, and how Httle evidence they have

that the information was reliable or even given in good

faith.

In matters which lie outside their own sphere, men of

science are often as credulous as anyone else ; but in

that sphere, if they are really men of science, intimately

acquainted with their study by the actual practice of

it, they cannot fail to have learnt how dangerous it is

to believe any statement, however firmly asserted by
high authority, uiHess they have tested it for themselves.

The necessity for the obtaining of information by direct

experiment is embedded in their nature, and no informa-

tion attained by other means will satisfy them per-

manently. The determination to believe what is true,

and not what other people assert to be true, is the first

and not the least importafit correction apphed by science

to popular errors.

But if there were no other source of error, reliance on

hearsay would not be so dangerous, for our informants

would not be so Ukely to be wrong. There would still

be the possibility that they intended to mislead us,
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though we may neglect that possibility for oxir purpose.

A more serious possibility would remain, namely, that

we had misinterpreted their information, and this is

actually the greatest danger in knowledge acquired at

second-hand. Thus the error about the length of the walk

quoted just now, doubtless arose from the fact that the

original Sunday walk was eight miles, and that a weaker

generation had abbreviated it to six. However, there

are other sources of error ;
people do draw false conclu-

sions directly from experience ; and even if we could

be sure that we had rightly understood an honest

informant, there would stiU be a danger that his informa-

tion was WTong. In discussing these other sources

and giving examples of them, it wiU be impossible to

distinguish them wholly from the first, for aU popular

beliefs (from which many technical and professional

beliefs do not differ essentially) derive much of their

weight from their general prevalence. We can only

ask what fallacies predisposed men to these beliefs,

and thus enabled the beliefs to become prevalent.

The most proUfic of these fallacies are false theories.

In discussing scientific theories in Chapter V, we saw
that in their ultimate nature they are not very different

from any other and unscientific attempt to explain things.

A theory which suggests that A and B might be connected

predisposes to the belief that A and B are connected. An
extreme example of unscientific theories is provided by
the superstitions and magical beliefs of primitive civiUza-

tion. They have ceased to be held explicitly, but they

stiU exert an influence, which is not generally appreciated,

on popular behefs. Thus many people believe, and are

very indignant when the assertion is denied, that the

poker laid across the bars of the grate will draw up
the fire. The behef is based on the old doctrine of the

magical power of the cross, formed in this instance by
the poker and the bars ; old people can still be found
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who will say that the poker " keeps the witch up the

chimney." Experiment would show that the poker has

no effect whatsoever ; but it is not easy to undertake

seriously, because the circumstances of " drawing up "

a fire are so indeterminate. Most popular weather-lore

has a similar origin in false theory ; people are ready to

think that the weather will change when the moon
changes, only because they think that the moon might

have some effect on the weather. Again, the persistent

feehng that there is some intimate connexion between

names, and the things of which they are names, leads to

curious credulity. " Rain before seven, fine before

eleven," would never have become a popular saying had

it not been for the purely verbal ji-.:;^le.i

It is scarcely too much to say that every popular

belief concerning such matters is false, and can be refuted

by experience which is directly accessible to those who
assert it ; and that the reason why such beliefs have

gained a hold can always be traced to some false theory

which, nowadays, only needs to be expressed to be

rejected. Their prevalence indicates clearly how little

the majority of mankind can be trusted to analyse their

experience carefully, and to base conclusions on that

experience and on nothing else. And it has been

admitted that the most careful and accurate science

does not base its conclusions only on experience ; in

science, too, analysis is guided by theory. But there is

this vast difference : though science may in the first

instance analyse experience and put forward laws guided

by theory and not by simple examination of facts, when

the analysis is completed and the laws suggested, it does

return and compare them with the facts. It is by this

1 There may be this truth in the saying that, in many parts of

England, continuous rain for four hours is unusual at any time of the

day or night. But if it is meant, as it usually is meant, that rain at

seven is more likely to be followed by fine weather than rain at six

or eight, then the saying is certainly false.
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procedure that it has been able to establish true theories

which may be trusted, provisionally at least, in new

analysis. The practical man is apt to sneer at the

theorist ; but an examination of any of his most firmly-

rooted prejudices would show at once that he himseH

is as much a theorist as the purest and most academic

student ; theory is a necessary instrument of thought

in disentangUng the amazingly complex relations of the

external world. But while his theories are false because

he never tests them properly, the theories of science are

continually under constant test and only survive if they

are true. It is the practical man and not the student

of pure science who is guilty of relying on extrava-

gant speculation, unchecked by comparison with solid

fact.

Closely connected with the errors of false theories are

those which arise from false, or more often incomplete,

laws. Such laws are, of course, in themselves errors,

but they often breed errors much more serious. For

we have seen that the things between which laws assert

relations are themselves interconnected by laws ; if we
start with false laws we are sure to interpret our

experience on the wrong lines, because the things between

which we shall try to find laws will be such that no laws

can involve them. An example which we have used

before will make this source of error clear. The word
" steel " is used in all but the strictest scientific circles

to denote many different things ; or, in other words,

there is no law asserting the association of all the pro-

perties of all the things which are conventionally called

steel. Accordingly there can be no law, strictly true,

asserting anything about steel ; for though a law may be
found which is true of many kinds of steel, some kind

of " steel " can almost certainly be found of which it

is not true. If we want to find true laws involving the

materials all of which are conventionally termed steel,
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we must first differentiate the various kinds of steel

and seek laws which involve each kind separately.

Neglect of this precaution is one of the most frequent

causes of a failure to detect and to cure troubles encoun-

tered in industrial processes. The unscientific manager

regards as identical ever5d:hing that is sold to him as steel

;

he regards as " water " everything that comes out of

the water main ; and as " gas " everything that comes

out of the gas main. He does not realize that these

substances, though called by the same name, may have

very different properties ; and when his customary

process does not lead to the usual result, he wiU probably

waste a great deal of time and money on far-fetched

ideas before he realizes that he did not get the same
result because he did not start with the same materials.

He can expect his processes to be governed by laws and
to lead invariably to the same result only if aU the

materials and operations involved in those laws and
employed in those processes are themselves invariable

;

that is to say, if their constituent properties and events

are themselves associated by invariable laws. This is

a very obvious conclusion when it is pointed out, but

there is no conclusion more dif&ctdt to impress finally

on the practical man ignorant of science. He is misled

by words. Words are very useful when they really

represen.t ideas, but are a most terrible danger when they

do not. A word represents ideas, in the sense important

for the practical applications of science, only when the

things which it is used to denote are truly collections of

properties or events associated by laws ; for it is only

then that the word can properly occur in one of the laws

on which aU those applications depend. Perhaps the

most important service which science can render- to

practical affairs is to insist that laws can only be expected

to hold between things which are themselves the expres-

sion of laws.



176 WHAT IS SCIENCE?

The last of the main sources of popular error is

connected with a peculiar form of law which brevity has

forbidden us to discuss hitherto. We have spoken of

laws as asserting invariable associations. Now, a very

sUght acquaintance with science will suggest that this

view is unduly narrow ; it may seem that some laws in

almost aU sciences (and almost all laws in some sciences)

assert that one event is associated with another, not

invariably, but usually or nearly always. Thus, if

meteorology, the science of weather, has any laws at all,

they would seem to be of this type ; nobody pretends

that it is possible at present, or Mkely to be possible in the

near future, to predict the weather exactly, especially

a long time ahead ; the most we can hope for is to discover

rules which will enable us generally to predict rightly.

Another instance may be found in the study of heredity.

It is an undoubted fact that, whether in plants, animals,

or human beings, children of the same parents generally

resemble each other and their parents more than they

do others not closely related. But even the great

progress in our knowledge of the laws of inheritance

which has been made in recent years has not brought

us near to a position in which it can be predicted (except

in a few very simple cases) what exactly will be the

property of each child of known parents. We know
some rules, but they are not the exact and invariable

rules which we have hitherto regarded as constituting

laws.

The pmre scientific view of such laws is very interesting.

Put briefly it is that in such cases we have a mingUng
of two opposed agencies. There are laws concerned in

such events, laws as strict and as invariable as those

which are regarded as t57pical, but they are acting

as it were on events governed not by law but by chance.

The result of any law or set of laws depends (cf. p. 167)
not only on the laws but on the events to which they are
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applied ; the irregularity that occurs in the study of the

weather or of heredity is an irregularity in such events.

Moreover, when science uses the conception of events

governed by chance, it means something much more
definite than is associated with that word by popular

use. We say in ordinary discourse that an event is due
to pure chance when we are completely ignorant whether

it wiU or will not happen. But complete ignorance

can never be a basis for knowledge, and the scientific

conception of chance, which does lead to knowledge,

implies only a certain limited degree of ignorance

associated with a Umited degree of knowledge. It is

impossible here to discuss accurately what ignorance

and what knowledge are implied, but it may be said

roughly that the ignorance concerns each particular

happening of the event, while the knowledge concerns

a very long series of a great number of happenings. Thus,

scientifically, it is an even chance whether a penny falls

head or tail, because while we are perfectly ignorant

whether on each particular toss it will fall head or tail,

we are perfectly certain that in a sufficiently long series

of tosses, heads and tails will be nearly equally dis-

tributed.

When, therefore, science finds, as in the study of

weather or of heredity, phenomena which show some
regularity, but not complete regularity, it tries to analyse

them into perfectly regular laws acting on " chance
"

material. And the first step in the analysis is always to

examine long series of the phenomena and to try to

discover in these long series regularities which are not

found in the individual members of them ; the regularity

will usually consist in each of the alternative phenomena
happening in a definite proportion of the trials. When
such regularity has been found, a second step can some-

times be taken and an analysis made into strict laws

applied to events which are governed by the particular

12
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form of regularity which science regards as pure chance.

If that step can be taken, the scientific problem is solved,

for pure chance, Uke strict law, is one of the ultimate

conceptions of science. But there is often (as in

meteorology) a long interval between the first step and

the second, and in that interval all that is known is a

regularity in the long series which is usually called

a " statistical " law.

This procedure, like most scientific procedure, is

borrowed and developed from common sense ; but

—

and this is the reason why it is mentioned here—it is

here that modern common sense lags most behind

scientific method. It is a famihar saying that statistics

can prove anything ; and so they can in the hands of

those not trained in scientific analysis. Statistical laws

are one of the most abundant sources of popular fallacies

which arise both from an ignorance of what such a law

means and a still greater ignorance of how it is to be

established. A statistical law does not state that some-

thing always happens, but that it happens more (or

less) frequently than something else ; the quotation of

instances of the thing happening are qviite irrelevant

to a proof of the law, unless there is at the same time a

careful collection of instances in which it does not happen.

Moreover, the clear distinction between a true law and
a statistical law is not generally appreciated. A statis-

tical law, which is really scientific, is made utterly

fallacious in its application because it is interpreted as

if it predicted the result of individual trials.

For reasons which have been given already, many of

the laws that are most important in their practical

application are statistical laws ; and anyone, with a little

reflection, can suggest any number of examples of them.
Those which are generally familiar are usually, entirely

fallacious (e.g. laws of weather and of heredity), and even
those which are true are habitually misapplied. The
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general misunderstanding of statistical laws, renders

them peculiarly liable, not only to their special fallacies,

but to all those which we have discussed before. False

theories and prejudices lead men to notice only those

instances which are favourable to the law they want to

establish ; they fail to see that, if it were a true law, a

single contrary instance would be sufficient to disprove

it, while, if it is a statistical law, favourable instances

prove nothing, unless contrary instances are examined

with equal care. They forget, too, that a statistical

law can never be the whole truth ; it may, for the time

being, represent aU the truth we can attain ; but our efforts

should never cease, until the full analysis has been

effected, and the domain of strict law carefuUy separated

from that of pure chance. The invention of that method
of analysis, which leads to a possibility of prediction and
control utterly impossible while knowledge is still in the

statistical stage, is one of the things which makes science

indispensable to the conduct of the affairs of practical

Hfe.

CONCLUSION

Our examination of the errors into which uninstructed

reasoning is Jiable to mislead mankind, affected by so

many prejudices and superstitions, shows immediately

how and why science is indispensable, if any valuable

lessons are to jbe drawn from the most ordinary

experience. In the first place, science brings to the

analysis of 'such experience the .conception of definite,

positive, and fixed law. For the vague conception of a

law as a predominating, though variable, association,

always liable to be distorted by circumstances, or even,

like the laws of mankind, superseded by the vagaries of

some higher authority, science substitutes, as its basic

and most important conception, the association which

13
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is absolutely invariable, unchanging, universal. We
may not always be successful in finding such laws, but

our firm belief that they are to be found never wavers ;

we never have the smallest reason to abandon our funda-

mental conviction that all events and changes, except

in so far as they are the direct outcome of vohtion (and

therefore immediately controllable), can be analysed into,

and interpreted by, laws of the strictest form. It is only

those who are guided by such a conviction that can hope

to bring order and form into the infinite complexity of

everyday experience.

However, such a conviction by itself would probably

be of httle avail. If we only knew from the outset that

the analysis and explanation of experience could not be

effected, except by disentangling from it the strict laws

of science, every fresh problem would probably have to

await solution until it came to the notice of some great

genius ; for, as we noticed before, the discovery of a

wholly new law is one of the greatest achievements of

mankind. But we know much more ; the long series of

laws which have been discovered, indicate where new
laws are to be sought. We know that the terms involved

in a new law must themselves be associated by a law.

Moreover, the laws which define terms involved in other

laws, though numerous, form a well-recognized class

;

there are the laws defining various kinds of substances

or various species of Uving beings, those -defining forces,

volumes, electric currents, the many forces of energy,

and all the various measurable quantities of physics

;

a complete Ust of them would fill a text-book, and yet

their number is finite and comprehended by all serious

students of the branches of science in which they are

involved. Such students know that, when they try to

analyse and explain new experience, it is between a

definite class of terms that the necessary laws must be
sought ; and that knowledge reduces the problem to
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one within the compass of a normal intellect, provided

it is weU trained. He who seeks to solve the problem

without that knowledge and without the training on

which it is based, cannot hope for even partial success,

unless he can boast the powers of a Galileo or a Faraday.

And science provides yet another clue. It has estab-

Ushed theories as well as laws. Its theories do not cover

the full extent of its laws, and in some sciences little

guidance except that of " empirical " laws is available.

But where theories exist, they serve very closely to limit

the laws by means which it is worth while to try to

a^ialyse experience ; no law contradictory of a firmly-

rooted theory is worth examining till all other alterna-

tives have been exhausted. Here uninstructed inquirers

are at a stiU greater disadvantage, compared with those

familiar with the results of science, for while many of the

terms involved in scientific laws are vaguely familiar

to every one, it is only those who have studied seriously,

who have any knowledge of theories.

Here a word of warning shoxild be given. " Theory "

is always used in the book to mean the special class of

propositions discussed in Chapter V. When in popular

parlance " theory " is contrasted with " practice " it

is often not this kind of theory that is meant at all. The
plain man—I do not think this is an overstatement

—

calls a " theory " anything he does not understand,

especially if the conclusions it is used to support are

distasteful to him. Arguments about matters in which

science is concerned, though they are denounced as wildly
" theoretical," often depend on nothing but firmly-

established law. It is only because he does not under-

stand " theory " that the plain man is apt to compare

it unfavourably with " practice," by which he means
what he can understand. The idea that something can

be " true in theory but false in practice " is due to

mere ignorance ; if any portion of " practice," about
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which there is no doubt, is inconsistent with some
" theory," then the " theory " (whether it is a law or

what we call a theory) is false—and there is an end of it.

But it may easily happen, and does often happen, that

a " theory " is misinterpreted by those who fail to

understand it ; it appears to predict something incon-

sistent with practice only because its real meaning is

not grasped. It is certainly true that those who do not

understand " theory " had better leave it alone ; rehance

on misunderstood theory is certainly quite as dangerous

as reliance on uninstructed " practice."

And here we come to the conclusion about the relation

of science to everyday life, which it seems to me most
important to enforce. Those unversed in the ways of

science often regard it as a body of fixed knowledge con-

tained in text-books and treatises, from which anyone
who takes the trouble can extract all the information on
any subject which science has to offer ; they think of it

as something that can be learnt as the multiplication

table can be learnt, and consider that anyone who has
" done " science at school or college is complete master
of its mysteries. Nothing could be further from the

truth regarding science applied to practical problems.

It is scarcely ever possible, even for the most learned

student, to offer a complete and satisfjdng explanation

of any difficulty, merely on the basis of estabhshed know-
ledge ; there is also some element in the problem which
has not yet engaged scientific attention. Applied science,

Hke pure science, is not a set of immutable principles

and propositions ; it is rather an instrument of thought
and a way of thinking. Every practical problem is really

a problem in research, leading to the advancement of

pure learning as well as to material efficiency ; indeed
ahnost aU the problems by the solution of which science
has actually advanced have been suggested, more or less

directly, by the familiar experiences of everyday fife
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This tremendous instrument of research can be mastered,

this new way of thinking can be acquired, only by long

training and laborious exercise. It is not, or it ought not

to be, the academic student in the pure refined air of the

laboratory who makes the knowledge, and the hard-

handed and hard-headed worker who applies it to its

needs. The man who can make new knowledge is the

man, and the only man, to apply it.

Pure and applied science are the roots and the branches

of the tree of experimental knowledge ; theory and
practice are inseparably interwoven, and cannot be torn

asunder without grave injury to both. The intellectual

and the material health of society depend on the main-

tenance of their close connexion. A few years ago there

was a tendency for true science to be confined to the

laboratory, for its students to become thin-blooded,

deprived of the invigoratkig air of industrial life, while

industry wilted from neglect. To-day there are perhaps

some signs of an extravagant reaction ; industrial

science receives all the support and aU the attention, while

the universities, the nursing mothers of all science and
all learning, are left to starve. The danger of rushing

from one extreme to another will not be avoided until

there is a general consciousness of what science means,

both as a source of intellectual satisfaction and as a

means of attaining material desires. We cannot all be

—

it is not desirable that we all should be—close students

of science ; but we can all appreciate in some measure

what are its aims, its methpds, its uses. Science, like

art, should not be something extraneous, added as a

decoration to the other activities of existence ; it should

be part of them, inspiring our most trivial actions as well

as our noblest thoughts.
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The Little Quarto Shakespeare
Edited by W. J. CRAIG. With Introductions and Notes

Pott l6mo. 40 Volumes. Leather, price is. gd. net each volume

Cloth, \s. 6d.

Nine Plays
Fcap. Svo. 3f. 6d. net

Across the Bordbb. Beulah Marie Dix.
Cr. 800.

Honeymoon, The. A Comedy in Three Acts.
Arnold Bennett. Third Edition.

Great Adventure, The. APlayofFancyin
Four Acts. Arnold Bennett. Fifth Edition.

Milestones. Arnold Bennett and Edward
Knoblock. Ninth Edition.

Ideal Husband, An. Oscar Wilde. Acting
Edition.

Kismet. Edward Enoblock. Fourth Edi-
tion.

Typhoon. A Play in Four Acts. Melchior
Lengyel. English Version by Laurence
Irving. Second Ediiion.

Ware Case, The. George Pleydell.

General Post. J. E. Harold Terry. Second
Edition.
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Spopts Series

Illustrated. Fcap, 8w. 2J. net and 3^, net

All About Flying, 3j. net. Golf Do's
AND Dont's, The Golfing Swing. How
TO Swim. Lawn Tennis, 3*. net. Skat-

ing, 3^. *ut. Choss-Country Skmng, sj.
net. Wrestling, 2J, net. Quick Cuts
to Good Golf, is. 6d, net.

The Westminster CommentarieB
General Editor, WALTER LOCK

Demy Svo

The Acts of the Apostles, 16s. net.

Amos, Ss. 6d. net. I. Corinthians, lis.

6d. net. Exodus, 15J. net. Ezekiel,
1-2S. 6d. net. Genesis, i6s.net. Hebrews,
8j. 6ef. net. Isaiah, z6j. net. Jeremiah,

i6j. net. Job, 8j. 6d. net. The Pastoral
Epistles, 8j. 6d. net. The Philippians,
Zs. 6d. net. St. James, Zs, 6d. net. St.
Matthew, 15J. net.

Methuen's Two-Shilling Library

Cheap Editions of many Popular Books

Fcap, ^vo

Part III.—A Selection of Works of Fiction

Bennett (Arnold)—

Clayhanger, 8j. net. Hilda Lessways,
8j. td. net. These Twain. The Card.
The Regent : A Five Towns Story of
Adventure in Londdfl. The Price of
Love. Buried Alive. A Man from the
North. The Matador of the Five
Towns. Whom God hath Joined. A
Great Man : A Frolic. Ail js. 6d. net.

Birmingham (George A.>—
Spanish Gold. The Search Party.
Lalage's Lovers. The Bad Times. Up,
THE Rebels. Ait 7s. 6d. net.

BurronghB (Edgar Rice)—

Tarzan of the Apes, 6s. net. The
Return of Tarzan, 6s. net. The Beasts
OF Tarzan, 6s. net. The Son of Tarzan,
6s. net. Jungle Tales ov Tarzan, 6s.

net. Tarzan and the Jewels of Opar,
6s. net. Tarzan the Untamed, 7s. 6d. net.

A Princess op Mars, 6s, net. The Gods
OF Mars, 6j. net. The Warlord of
Mars, 6s. net.

Conrad (Joseph). A SET OF SIX. Fourth
Edition. Cr. B7/0. js. 6d. net,

VICTORY: An Island Talb. Surt/i
Edition. Cr. Svc. gs. net.

Corelll (Harle)-
A Romance of Two Worlds, 7s. 6d. net.
Vendetta: or. The Story of One For-
gotten, Bs. net. Thelma : A Norwegian
Princess, 8j. 6d. net. Audath: The Story
of a Dead Self, 7J. 6d. net. The Soul of
LiLiTH, 7J. 6d. net. Wormwood : A Drama
of Paris, 8j. net. Barabbas : A Dream of
the World's Tragedy, 8j. net. The Sorrov/s
OF Satan, js, 6d. net. The Master-
Christian, 8j. 6d. net. Temporal Power :

A Study in Supremacy, 6s. net. Gop's
Good Man : A Simple Love Story, %s. 6d.
net. Holy Orders; The Tragedy of a
Quiet Life, 8j. 6d. net. The Mighty Atom,
7J. 6d. net. Boy : A Sketch, -js. 6d. net.
Cameos, 6j. net. The Life Everlasting,
8;. td. net.

Doyle (Sir A. Gonan). ROUND THE RED
LAMP. Twelfth Edition. Cr. Bvo, 7s. 6d,
net,

Hlchens (Robert)—
Tongues of Conscience, 7*. 6d. net.
Felix : Three Years in a Life, 7s. 6d, net.
The Woman with the Fan, 7s. 6d. net.
Bvewavs, 7s. 6d. net. The Garden of
Allah, Ss. 6d. net. The Call of the
Blood, Bs, 6d. net. Barbarv Sheep, 6s.
net. The Dwellers on the Threshold,
7*. 6d. net. The Way of Ambition, 7s.
6a. net. In the Wilderness, 7*. 6d. net.
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Hope (Anthony)—
A Change of Air. A Man of Mark.
The Chronicles of Count Antonio.
Simon Dale. The King's Mirror.
Quisant^. The Doi,ly Dialogues.
Tales of Two People. A Servant of
the Public. Mrs. Maxon Protests.
A Young Man's Year. Beaumaroy
Home i-rom the Wars. All-js, 6d. net.

Jacobs (W. W.)—
Many Cargoes, 5^-. net and sj. 6d, net.

Sea Urchins, ss. net and 33-. 6d. net.

A Master of Craft, sj. net. Light
Freights, sj. net. The Skippee*s Woo-
ing, 5J. net. At SuNwicri Port, jr. net.

Dialstone Lane, sj. net. Odd Craft,
5J. net. The Lady op the Barge, sj. net.

Salthaven, sj. ftet. Sailors' Knots, $s.

net. Short Cruises, sj. net.

London (Jack). WHITE FANG. Ninth
Edition. Cr. Zvo. ys. 6d. net.

HcKenna (Stephen)—

SoNiA : Between Two Worlds, 8j. net.

Ninety-Six Hours' Leave, yj. 6d. net.

The Sixth Sense, 6s. net. Midas & Son,
8j. net.

Malet (Lucas)—
The History of Sir Richard Calmady :

A Romance. The Wages of Sin. The
Carissima. The Gateless Barrier.
Deadham Hard. Alljs. 6d. net.

Mason (A. E. W.). CLEMENTINA.
Illustrated. Ninth Editi&n. Cr, Zvo. js.

td. net.

Maxwell (W. B.>-
ViviEN. The Guarded Flams. Odd
Lengths. Hill Rise. The Rest Cure.
Ail 7J. 6d, net.

Oxenhani (John)—
A Weaver of Webs. Profit and Loss.
The Song of Hyacinth, and Other
Stories. Lauristons. The Coilof Carne.
The Quest of the Golden Rose. Mary
All-Alone. Broken Shackles. "19i4."
All 7J. 6d. net.

Parker (Gilbert)—

Pierre and his People. Mrs. Falchion.
The Translation of a Savage. When
Valmond came to Pontiac : The Story of

a Lost Napoleon. An Adventurer of the
North: The Last Adventures of 'Pretty

Pierre.* The Seats of the Mighty. The
Battle of the Strong: A Romance
of Two Kingdoms. The Pomp of the
Lavilettes. Northern Lights. All
ys. 6d. net.

Phlllpotts (Eden)—
Children of the Mist. Sons of the
Morning. The River. The American
Prisoner. Demeter's Daughter. The
Human Boy and the War. A II 7s. 6d. net.

Ridge (W. Pett)—
A Son of the State, ys. 6d. net. The
Remington Sentence, js. 6d. net.

Madame Prince, ys. 6d. net. Top Speed,
ys. 6d. net. Special Performances, 6s.

net. The Bustling Hours, 7*. 6d. net.

Rohmer (Sax)—
The Devil Doctor. The Si-Fan.
Mysteries. Tales of Secret Egypt.
The Orchard of Tears. The Golden
Scorpion. All-js. 6d. net,

Svinnerton (P.). SHOPS AND HOUSES.
Third Edition. Cr. Svo. js. 6d. net.

SEPTEMBER. Thini Edition. Cr. Svo.

JS. 6d. net.

Wells (H. G.). BEALBY. Fourth Edition.
Cr. &V0. JS. 6j. net.

WiUiamson (C. N. and A. H.)—
The Lightning Conductor : The Strange
Adventures of a Motor Car. Lady Betty
across the Water. Scarlet Runner.
Lord Loveland discovers America.
The Guests of Hercules. It Happened
in Egypt. A Soldier of the Legion.
The Shop Girl. The Ligh'^ning Con-
ductress, Secret History. The Love
Pirate. All fs. 6d. net. Crucifix
Corner. 6s. net.

Methuen's Two-Shilling Novela

Cheap Kditions of many of the most Popular Novels of the day

Write for Complete List

Fcap. %vo










